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NATUR'AL PHILOSOPHY.
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2 Elements of Natural Philsfophy.

magwetifm. The principal properties of thofe natural
agents, the more probable opinions which have
be¢n entertained with refpect to their effence, and
the principal advantages which we derive there-
from, will form the contents of the prefent, or
third, part of thele Elements; which, therefore,
will be divided into four fections ; and each fetion
will be fubdivided into as many chapters as the na-
ture of the fubjet may feem to demand, confiftent
with perfpicuity and concifenefs.

BE-C T IO Nk

OF CALORIC; OR, OF THE ELEMENT WHICH PRO-
DUCES HEAT, FIRE, &C.

q GENERAL idea of the element which pro-
duces the fenfation of heat, &ec. has been

given in the preceding volume, wherein the nature
of the affinities of the various elements has been
concifely illuftrated. In the following pages we
muft unavoidably repeat fome of the particulars
which have been already mentioned ; but the repe-
tition will be fhort, and the advantage, in point of
perfpicuity, will probably prove more than an ade-
quate compenfation for the trouble of twice peru-
fing a few paffages.




CHAPTER L

THE THEORY OF HEAT : OR5 THE GENERAL EFFICT®
OF A SUPPOSED CALORIFIC PLUID,

HEN we approach 4 common fire, we feel
a {enfation which we call beating. . When
we recede from the fire, and approach a quantity of
ice, we feel another fenf ation, which we call cooling.
On a clofer examination it will: appear that thefe
words beating and cooling, or beat and cold, are rela-
tive expreffions; for the very fame body may feel
cold to one perfon and hot to another; or it may
feel both cold and hot to the fame perfon. Let,
for inftance, a perfon warm one of his hands near
the fire, and cool the other hand in {now; then let
him put both hands in water of 2 middling tempera-
ture, and the fame water will feel cold to one of his
hands, and hot to the other.

It is impoflible to give a more precife definition
of thofe fenfations, than what is conveyed by the
“ommon meaning of the words. = But with reflpet
O the vifible effects which are produced by thofe
refpetive approximations, to a fire and to ‘the ice,
or to the different degrees of heating and coeoling,

B2 we




4 : The Theory. of Heat, &,

we may give a more determinate anfwer; viz. we
mdy fay, that all the effefls of heating may be re-
duced to an enlargement of the bulk, or to the
{eparation of the parts, of all forts of bodies ; and
that, on the contrary, all the effeéts of cooling may
be reduced to a contraction of the bulk, or to a
mutual approximation, of the parts, of all forts of
bodies.

A human body, and every part of an animal
body, a ftone, a ptu.e of metal, a piece of glafs, or,
in fhort, every cther body, whether folid or fluid,
grows larger by heating, and fmaller by cooling ;
but different bedies are expanded more or lefs by
the fame degrees of heating, and are contracted
more or lefs by the fame degrees of cooling.. Bo-
diés are not only expanded differently by the fame
degrees of heating, or contralted differently by the
fame degrees of cooling ; but by thofe means they
do alfo acquire different forms. Thus a piece of
ice heated to a certain degree, becomes fluid water ;
by increafing the heat the water is increafed in its
bulk, ‘and after a certain period the water becomes
an elaftic fluid ; viz. fteam. By continuing to in-
creafe the heat, that {team becomes continually
larger and larger 5 nor do we know the limits of
its expanfibility. The like effeds, in a contrary
order, are produced by cooling ; viz. a quantity
of fteam grows fmaller and fmaller, until it be-

comes liquid water, and at Lxﬁ the water becomes a
folid ; viz. ice.

The




The Theory of Heat, &e. 5

The converfe of the above-mentioned law has
likewife been pretty well proved by means of expe-
Iiments ; namely, that if a certain fubftance be
comprefied into a narrower fpace,'a quantity of
heat will come out of it, .and will be communi-
cated to the furrounding bodies ; and, on the con-
trary, if a certain fubltance be expanded into a
larger fpace, it will abforb a quantity of heat from
the furrounding bodies ; for thofe firrounding bo-
dies . will thereby be cooled. Thus, if you wet
your hand, and then expofe it to the ambient air,
the water, in the att of expanding it(elf into vapour,
abforbs a quantity of heat from the hand, which is
thereby fenfibly cooled: If air that has been com-
prefied by art in a firong vellel, -be let out of it
through an aperture, that air, in the act of expand-
ing itfelf, will abforba quantity of heat.  If a piece
of metal be comprefied, heat will be produced, - If
the fleami of water be condenfed, heat will be
depofited on the bodies which are in' contadt
with it

The acceflion of heat, by placing the particles of
matter farther from each other, diminifhes their
mutual attraction ; viz. the attraftion of aggrega-
tion, in confequence of which their attraétion for
other bodies ; viz, the attraction of affinity, grows
ﬁro;agEI'; hence, heating to a certain degree effetts
decompoﬁtions and compofitions, which in general
have beep called combuftions ; but when the heated
fubftances have not fiich affinitics, or when they

B 3 arc




6 Tke Theory of Heat, S,

are not heated enough to render their affinities
aflive, fo as to form decompofitions and new com-
binations, then the fubftances are not faid to have
undergone a combuftien, or to be burnt; but
they are faid to be heated, or rarefied, or ignited;
(viz. rendered red hot) or foftened, or liquified, or
evaporized, &c. according as any of thofe effects is -
produced or attended to.

Heat penetrates bodies of every fort ; for what-
ever body is placed near a common fire, is expanded,
or foftened, or ignited; or, in thort, it thews fome
of the effeéts of heating; and the fame thing is
true with refpect to cooling; but this heating does
not penetrate all forts of bodies with equal quick-
nefs ; it paffes through certain bodies quicker of
eafier, than through others; hence the former are
faid to be etter conduiors of beat, than the latter ;
we are not however acquainted with any body
which may be faid to be a perfeét noncondultor of
heat.—The fame thing may be underftood of
cooling,

With refpe to the communication of heat, it
has been obferved, that if an heated body be placed
amongft colder bodies, or heat be produced by
certain bodies in certain proceffes amongft colder
bodies, that heat will gradually pafs from -the
former bodies to the latter, fo as to render the
former bodies lefs haot, and the latter, hOttﬁI’, than
they were before; and as there is not a perfed
noncondufor of heat, therefore nothing can ef-
tectually



The Theory of Heat, Se. v
chtuaHy prevent that exp:-;nﬁon,'or that diftribu-
tion, of heat; though it may be much obftru&ted
and impeded by the interpofition of bad conducting
bodies.

So far the effe is well known, and is daily
proved by common experience. But there is an-
other phenomenon attending the communication of
heat, which is neither very obvious, nor fo eafily
obferved, ‘This is, that in the diftribution of heat
amongft a variety of fubftances, fome bodies ab-
forb more of it than others, though they be all
placed exatly in the fame fituation ; hence different
bodies are faid to have different capacities for ab-
forbing heat.—An example will eafily illuftrate this
remarkable property.

If a pound of water heated to a certain degree,
for inftance, to 6o degrees, be mixed with another
pound of water which has been heated 120 degrees,
the 6o degrees of heat, which the latter has above
the former, will be divided alike between thofe
equal quantities of water ; viz. 30 degrees will be
communicated to the former pound of water, and
the other 30 degrees of heat will remain with the
latter; hence the whole will appear to have go
degrees of heat. Now, if a pound of water heated
t0 60 degrees, be mixed with a pound of quick-
filver, heated to 120 degrees, the mixture will
appear to have (not go degrees as above) but
0“15"52 degrees of heat; which fhews, that of the
60 degrees of heat, which the mercury had more

- T than
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than the water, a

greater portion muft have been
~ abforbed by one of the two fluids than by the

other. In order to afcertain which of the two has
abforbed -the greateft quantity of heat, you need
only repeat the experiment with this difference 5 viz.
that the pound of water be heated to 120 degrees,
and the pound of mercury be heated to 6o degrees ;
for in this cafe ‘the mixture will appear to have
the heat of 118 degrees; which Plainly fhews,
upon the leaft refletion, that ‘the water 135 2
much greater capacity for ablorbing heat, than the
quickfilver.

The above-mentioned particulars are the heads
to which all the phenomena of heating and cooling
may be referred ; and fo far we have related {29 -
but if the caufe of thofe fds be demanded, we
muft then anfwer by means of {uppofitions or hy-
pothefes.

Various hypothefes' have at. different times been
offered by different philofophers in explanation of
this fubjeét; but of all thofe hypothefes, none feems
to be fo fatisfaltory as
which 1s as follows -

1ft. It is fuppofed that th

the modern theory of heat,

ere exifts a very fubtile
and elaftic fluid, difperfed throughout all the ho-
dies of the univerfe, and capable of pafling, with
more or lels facility, through them all: but this
Auid cannot be exhibited by itfelf in an uncombined
ftate; for nothing will confine it; nor has it any
known weight,

2dly. Difs
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2dly. Different bodies have different affinities for
this. fAnid, or they can abforb different quantities of
it, juft as pieces of different woods can ablorb dif-
ferent quantities of water ; and thofe affinities are
creafed or diminifhed by a variety of caules, fuch

as by combination \x'iLh othgr {ubftances, by com-

preflion, by expar .10n, &c. hence this fluid, owing
to the rf:,.l‘ﬁ

is_continually moving from one fet of bedies to
another.—Its tranfition, its accumulation on one
body, and its diminution on another body, give

motion to every particle of matter, and feem to
P e e L ;= R s =3 -~ WRprCNY et e
animate the whaole ; for every body is rarefied and

eondenfed Oy the accumulation or dimipution of

And every body is fufceptible of dif=

ferent ftates by its combination with a greater or
. o

Imaller quantity of this fluid. Thus ice is a com-

bination of folid water with a certain quantity of

this element ; fluid water is combined with a

v

greater quantity of it ; and vapour is a combination
of water with a much greater quantity. of this ele-
ment

3dly. This fuppofed, fubtile, and elaftic, Auid,
has been cailed elementary beat, or, fimply, the
calgric, ' :

According to this hypothefis, combined caloric is
that quantity of caloric which enters into combi-
Nation with other bodies, and which quantity has
be‘il'_l faid to differ according to the nature of each
Partcular body, 'Thus in the above-mentioned in-

{tance
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i ftance of a mixture of water and mercury, the water
has been fhewn to contain more combined caloric
than the mercury. Free calorit is that portion of it

| 1

! which is not combined with a certain bady, .but

] y

whicli is re

to pafs {rom that body to other fur-
. e h 1 £1 - . . »

rounding bedies ; and the quantity of it, (which is

meafured by the effeét it produces on -thole other

I 6. 5 1 T30 1 1 by o

| bedies ; viz. by the quantity of expanfion, &c.)

1s called the semperainre of that body. . The fenfa-

tion which animals perceive by the communication

of caloric to their bodies, is called 4 ly OF beating ;
and the fenfation which they pereeive by the efeape
i of the caloric from their bodies, is called cold, or
covking. Therefore it appears, that eold i not a
il politive thing; for it is only the abfence or priva-
tion of caloric. "When we touch a hot body, the
i caloric pafles from that body into our hand, or
| face, &c. expands that part, and excites in us a
| fenfation of heat. When we touch a cold body,
the caloric pafles from us to that body, and we
| feel the fenfation of cold. By a cold or hot body,
it is meant only that a body is colder or hotter
than our bodies, or a certain other body; fo that
when our body touches a body of the fime tempera-
ture, then we feel neicher heat nor cold, becaufe in
that cafe there is no tranfition of caloric either way.

I Thus we have bricfly ftated a fummary of the
| phenemena which fall under the common appel-
; lations of heat and cold, aad have fubjoined the
| moft plaufible hypothefis, which has been offered

i wn for
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£ o s
ror their eqp]aﬂatio'] But it 1s now neceffary to

€xamine the different parts of the {ubject in a man-
ner both more particular and more ufeful ; viz. to
ftate the falts which have been afcertained with re-
{pect to the expanfion of different bodies, with re-
fpect to the meafurements of that expanfion, with
refpect to the different capacities of bodies for ab-
forbing caloric; as alfo the fa@s relative to the
produétion, communication, and application of
heat, &c.—This we fhall endeavour to do in the
following chapters, wherein we {hall add the theo-
retical explanation, agreeably to the above-men-
tioned hypothefis.




Oi\' E . of the moft general effe&s of heat, or
aof the free caloric, is a dilatation of “bodies,

or an augmentation of their bulks, The contrary

efiett is produced by cold; viz. by a diminution
of the free caloric. It muft, however, be ob-
ferved, that bodies of equal buiks, but of different
kind, are not expanded alike by being heated to
the fame degree; nor are the increnums of bulk
in the fame body, a

Wways proportional to the quan-
F

tities of heat which are communics
bar of iron and a b

ited to it,—If a
ar of glafs, of equal dimenfions,
be both heated to the fame degree. for inftance, by
D ] b
plunging them in beiling' water, the bar of iron
will thereby be lengthened more than that of glafs,
] - ~
—If a given quantity of water, by being heated to

a certain degree, be increafed in bulk one cubje
inch, the addition of double or treble that quantity
of heat will not increafe its bulk two ~ three cubic

inches refpectively ; therefore, the t‘.‘ip:nﬁ()ns of

waier



Of the Thermometery . 13
water are not proportional to the increments of
hear,—This is alfo the cale with mol other fub-
ftances.

Ti+

vy

1 1 ~r
¢ muflt now ftate the moft remarkable faéts

which have been afcertained refpetting the dila-
tation of parucular fubftances, fluid ficlt, and then
folid.

The only practicable method of meafuring the
expanfions of fluids, is by inclefing them in certain
veffels, and by meafuring that part of the cavity of
each vefie] which is occupied by the particular Auid
which fills it in different temperatures. It is evi-
dent that the fubftance of the veffel is alfo expand-
ed by the heat, and of eourfe its cavity is enlarged.
Therefore, when we find that the bulk of the fuid
s increafed, that apparent increment is only the
difference between the enla irged  capacity of the
veflel and the increafed bulk of the fluid. For this |
reafon thofe veffels mult be made of fuch fub-
ftances as are leaft expanfible by heat. Indeed olafs
is the fubftance which is umverfally ufed for ium
Purpofes, both on account of its little c\p*r}ﬂnhtv,
and of its tranfparency, befides its having other re-
markably vfeful properties.

A glafs veffel filied to a certain degree with a
liquid, for the purpoft of fhewing the expanfions
of that liquid in different temperatures, or for the
Purpofe of fhewing [he temperature by the cor-
rcfpondmv Ch;]dl’]ﬁm ~ that liquid, is called a her-

/3] £
Wometer 5 viz, a mealurer of the temperature,
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The Auids moftly ufed for thermometers, are
either mercury or fpirit of wine, the later of which
is generally tinged red, by medns of cochihesl, or
Brazil wood, &c. for the purpofe of rendering it
more vifible ; - hepce they are ‘denominated an
mercurial thermometers and the Spirit thermometer.
Other fluids, on account of their clamminefs, or of
their great it sulanty of expanfion, are not ufeful
for thermometers ¥

The moft proper and the moft ufeful fhape for
thermometers, is that of 2 long tube with a narrow ‘
bore, and with a globular cavity at one extremity,
See fig. 1. of Plate XVIIL. The cavity of the
bulb C, and part of the tube, as far, for inftance,
as A, 1s filled with the fluid, the reft of the tube is
either partly, or quite, exhaufted of air, and the
end B of the tube is herme trically fealed ; viz. per-
fectly clofed by melting the extremity of the tube at
the flame of a candle or lamp, urged by means of
a blow - pipe ¥.

When

* Thermometers have alfo been made, with bars of
metal, without any glafs or fluid. Thefe fhew the tem-
perature by the expanfion of the bars, and are, therefore,
called ‘mezallic thermometers—T hey will be noticed here-

after.

1 On account of the narrownefs of theéir bore, it is im-

w

poflible: to fill thermometers merely hY pouring the fluid
into thuir cavity, But in order to fill 2 thermometer, the

bulb
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When the bulb C is heated, the mercury, or the

3

{pirit of wine is expanded ; and not being able to
extend -itfelf any other way, all the increment of
bulk is manife ﬂ;d in the tube; viz. the furface A
of the fluid will rife confiderably into the tube. On
the other hand, when the bulb C is COUll‘.d, the

fluid contra@s, and its furface A defcends.. It is

evident, that, ceferis paribus, the larger the bulb
is, in proportion to the diameter of the cavity of the
tubc or the narrower the lacter 18 1in plo_ml‘on e}
the former, the greater will the motion of the fur-

I

bulb C muft be heated gver the 8am and,

dle
mediatcly after, the aperture' B muft be turned' downwards,

11~

and mult he a-s
and mult be immerfed in the fluid ; for inftance,
Cury : by which me

ns pact of the bulb will

mercury ; for the heat of the candle having rare
<Courfe Expe

1 fome of the air from the cavity of

mometer, when afterwards the bulb cools, and th

I8 Condenfed, the atmofphere preffing upon ;‘uu

the mercury in the bafon, forces it into the tube an
This done, the bulb C is z again heated over the fh:‘-*.: o

candle, until the micreury in it appears to boil, and is then

immediately turned down, with the aperture B, into the

mercur} : b’ which means more mercary will: be forced
nto the L:i] This operation muft be repea ted until all
the air is removed from the bulb, and part of the t1
its plage is occuoie
;":\f ﬁthe‘ bulb gendy, fo 2s to rarzfy :I;-;- mercury, and to

4. 1ts furface vc—r:,' ncar the aperture B 5 and, in that

ftate, quick
pipe.

e, and

When this is dong,

eal the ¢ perture B L‘ i

s of the blow-

face




16 Of the Thermometer, C5¢,
face A be in the tube. But it muft be obferved,
that when tlie bulb is very large, the thermometer

will not eafily arrive at the precife temperature of

nit may be ficuated. Some per-

any place, whe p

1

fons, in otder to give the bulb a greater furface, and
of courfe to render it more capable of rtaﬂ.ii;«' at-
taining 'a given temperature, haye made ‘it not
globular, but cylindrical, (which thape was adopred
by Fahrenheir) or fiat, or bell-like, &e.'; but thofe
fhapes are improper, becaufe they are liable to be
altered by the varying gravity of the atmofphere,
confequently thole - thermometers canhot be ac-
curates

If a thermometer be heated fuddenly, as when
the bulb C is immerged in hot water, the furface A
of the Auvid in it will be feen to defcend a licele,
and inflantly afeer will be feen to rife; the reafon
of which 15, that the heat of the water enlarges the

glafs firft, and is then communicated to the Auid,

(o]

tc. - On the contrary, if the bulb of a thermome-
ter be cooled fuddenly; the furface A of the Auid
will ficft rife a little, and then will delcend:; becaufe
the cold contratts the glals alone at firlt, and does
5 conttact the Auid.

Ice is melted by a certain invariable degree of

; and water freezes at about the farme
5 :u'u:;‘c!-\:rt‘, if the bulb C of a.mercu-

ce; or mele-

rial thermometer be placed in mel
ing fhow, and a mark is made on the outlide of the
asat.Br;
that

. ] T G e .
fube, even with the furface of the Auid

4
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that mark is called the freszing point; though in fact
1t is the melting point of ice; the freezing pointof
water being not fo coaftant. If the bulb of_the
thermomerer be placed in boiling water, and 2
mark be made on the glafs tube, even with the
furface of the fuid within, as at E, that mark is
called the boiling point ; for inan open veflel, and
under the fame atmofpherical prefiire; which is in-
dicated by the barometer, water does conftantly
boil at the fame temperature, and an increafed fire
will force it to evaporate fafter, but will not raife its
temperature.  Thofe points being afcertained, if
the leagth of the tube from D to E be divided into
any number of equal parts, thofe parts will be the
dé_:«;recs of the thermometer, or the degrees of heat,
indicated by the correfponding expanfions of the
fuid within the thermometer. And the fame de-
grees, or equal divifions, may be continued below
D and above E, in order to thew the degrees of
temperature below the freezing, and above the boil-
mng, point #,

‘Thof“ two unalterable points” of temperature ;
Viz. the former where ice becomes water; and the
ﬁTC‘Ond where water becomes vapour, have been
Univerfally adopted by the various conftructors of
thermometers for the graduation of thofe infltru-

» FU[‘nm

ore accurate methnd of graduating thermome-
ers, fee gha

e S " ; : \

R i f\tlJmL of the Committee, appomtcd l\y toe
Novat OO Ciakey ! s et " -
- ety in the 67th vol. ofthe Philohwhicel Tranl-

S R <

4..1\();1.‘: p- &Jé_

v o
QL. 1ij, C ments;




zen di-
this dif-
ference gives the different names of thermometers,
or rather of their graduvations ; fuch as Reaumur’s

T Jooo ahroprhioi e £1 )
thermometer, Fubrenbeit’s the imometery (Jt. Reau-

mur divides the fpace between the abovementioned
two points, into 80 equal parts or degrees; placing
the o at freezing, and the 8oth degree at the boiling
pownt. Fahrenheir divides it into 180 degrees or

-3

equal parts, but he places the o thirty-two decrees
below the freezing point D ; fo that the freezing
point is at 32, and the boiling point E is at 212

degrees®.
g

Other perfons have adopted other divifions,

which have been fuz

2 by fuppofed advantages
or fanciful 1deas.

Meflt of thofe graduations are at prefent out of
ufe ; but they are to be met with in various, not

very recent, publications ; I have therefore thought

neceffary to fet them down in the following T asve,
which centains; 1ft, the name of the perfon ot
{octety that has ufed each particular divifion; 2dly,
the degree which has been placed; by each of them,
1 - 2 f“ - fl. Nz = ex 7. 2

dgaint the ireezing poiat ; 3dly, the degree which
has been placed againlt the boiling point; and

(ighr ey | oo 5 0 reen thafa
4thly, the number of degtees laying between thofe
WO points.

d of adding the word degrees to the number, a

. L Yol &5 poe | e -
lto it ou the right~hand fidey 2 little above

7

; 6o,
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abeit’s, - which Builing
| point. :
i the: pre—
ceding two

pLints.

rally ufed in Great B

It is alfo ufed
this work, unl
be mentione

]

- = = - 32 21% 180

Reaumar’s, which is generally

ufed in France and other

parts of the Continent - - o 8o 8a

Celftus’s, which has been ufed
chiefly in Sweden, hence'it
is alfo called the Swedifh
thermometer. It has been
lately adopted ‘by the
French chemifts, under the
name of ez

niigrade thers
mometer

R T p— o 100 1CG

The Florentine T’Jf)‘?ﬂﬂm;‘l:?‘i,
which were made and ufed
by the members of the fa-
mous Academy del’Cimento,
being fome of the firlt in-
ftruments of the fort, were
vaguely praduated, fome

having a great many more

degrees than others, Bat
two of their moft common

graduations {feem to be = -

- N
w O
i
8o =1
-
wa
Lea
<0

™
b P :
< 8e Parifian Thermometer, Viz.

| 1. ¥

YA€ @ucienne thermometre of
1
the Acad. ¢ -

i€ Academy of Sciences,
If.‘@ms, to 1

have been gradu-

[+
[
L)

[
\o
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I

i i ]

il | L g £ Freezing Boiling Iegrees
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The Theory of Heat, &, 21

Thermometers have been nade of a great variety
of (hapes and fizes, fuitable to the different purpofes
for which they were intended.

Thermormeters for fhewing the temperarure of

the atmofiphere, need not have their fcales much
€xtended; it is more than fuficient if they go as
high as 120°, ‘The lower degrees may be carried
down as low as may be fuppofed neceffary for the
cold of any imate. The mercurial
thermometer needs not b |

below o, becaufe at about that degree mercury
ceafes to be a fuid.

The 1piric thermometer may be graduated lower
if neceflary.—] fhall here juft mention, that, for rea-
fons which will be noticed hereafter, if a mercurial
thermometer and 2 {pirit thermometer, be both gra-
duated according to the above-mentioned directions,
the two thermometers will not, 1n thewr ufual indica-
tions of the fame temperatures, point to the fame
degrees,

The degrees of therometers may be delineated
on metal, or wood, or paper; or ivory, &c, but fuch
fubftances thould be preferred for the feales of ther-
.Mometers, as are not apt to be bent or fhortened, or
Otherwife altered by the weather, efpecially when the
1n&rumcms are not defended by a glafs cafe, or hya
90X with a glafs face,

o =
The bulp of the thermometer muft be clean and
colonder. N
10‘-1!16:1:»; fince coloured furfaces are apt to be par-
s “tialle
c 3 tially

-




22 The Theory of Heat, 5.

tially-heated by a ftrong light . The ball of the
thermometer ought not to be in contaét with the
il fubftance of the fcale, left it fhould be influenced by
:u|;, the temperature of that fubftance.
|'| Thofe thermometers muft be fituated in the open
. air out of the houfe, and at fome diftance (at leaft
! 2 foot) from the wall, and where the light of the fun
lI’ may not fall directly upon them. Fig. 2. Plate

il XVIIL. reprefents a thermometer of the moft ufual
il thape independent of the cale.

i

il For chemical purpofes, the bulbs and part of the

‘ tubes of the thermometers, muft project fome way
below the fcales, in order that they may be placed
in liquids, mixtures, &c
il For other purpofes, as for botanical obfervati ions,
b b hot houfes, brewing manufactories, baths, &e. the
il thermometers muft be made longer, or thorter, or
narrower, or particular direétions mult be added
L to the fcales, &c. ; but I fhall not take any farther
4 ‘ notice of thof: ﬁncnu"uﬂr' varieties uf:*ﬂp; only.
It is neceflary, however, to take notice of a fort
; | of thermometers which have been conftructed
{3"|' for a particular purpofe ; namely, for thewing the

ru“ [ [ iy

i

il # Take two equal thermometers, paint the bulb of one
i C

fik f them black, or of any dark colour, and expofe them both
TL to the fun; the mercury in the latter will rife fevers]

i b

grees higher than in the former. Even a irong da
i independent of the direft rays of the lun, will a

differently.
]
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The Theory of Heat, (Je.

{pirits of wine, to within half an inch of the end
i, excepting that part of the fmall tube from 4
to g, which is filled with mercury. From a view
of the inftrument in this ftare, it will readily be
conceived, that when the fpirit in the large tube,
which is the bulb of the thermometer, is expand-
ed by heat, the mercury in the fmall tube on the
left fide will be prefled down, and confequently
caufe that on the right fide to rife ; on the con-
trary, when the fpirit is condenfed by cold, the
reverfe will happen, the mercury on the left fide
will rife as that on the right fide defcends.  The
fcale, therefore, which is Fahrenheit’s, beginning
with o, at the top of the left {ide, has the degrees
numbered downwards, while that at the right
fide, beginning with o at the bottom, afcends.

“The divifions are afcertained, by placing this ther.

mometer with a good ftandard mercurial one in
water, gradually heating or cooling, and marking

the divifions of the new fcale at every 5°. The

.method of thewing how high- the mercury had

rifen 1in the obferver’s abfence, is effeéted in the
following manner. 'Within the {inall tube of the
thermometer, above the furface of the mercury
on either fide, immerfed in the fpirit of wine, is
placed a {mall index, fo ficted as to pals up and
down as occafionl -may require : that firface of
the mercury which rifes, -carries up the index

with it, which index does not return with the

H - Caaanl ™ | S g AN il
mercury when it defeends ; but, by remaining
¢ fyed,

'3
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The Theory of Heat, & - 25
fixed, fhews diftinétly, and very accurately, how
high the mercury had rifen, and confequently
what degree of heat or cold ‘had happened.
Fig. 4. Plate XVIIL reprefents thefe indexes
drawn larger than the real ones, to render it morg
diftinét; 4 is a fmall glals tube 3 of an inch long,
hermetically fealed at each end, inclofing a piece
of {teel wire, necarly of the fame lengrth ; at each
end ¢ d, is fixed a fhort picce of a tube of black
glafs, of {fuch a diameter as to pafs freely up-and
down within the fmall tube of the thermometer.
The lower end, floating on the furface of the
mercury, 1s carried up with it when it rifes,
while the piece at the upper end, being of the
fame diameter, keeps the body of the index
parallel to the fides of the thermometrical. tube.
From the upper end of the body of the index at
0, is drawn a {pring of glafs to the finenefs of a
hair about 3 of an inch in length, which being fet
3 lutle oblique, prefies lightly againft the inner
furface of the tube, and prevents the index from
ﬁﬁowmgrhcnummwywhmlhdeﬁemk,nrbﬁng
moved by the fpirit paffing up or down, or by
any fudden motion given to the inftrument by the
hand or otherwife:; but ac the fame time the
prefiure is fo adjufted, as to permit this index to
be readily carried up by the furface of the rifing
Mercury, and downwards whenever the inftru-
0 be rectified for ebfervation, To pre-

& yent
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¢ vent the Tpiric fron

“ endii s clofely fealed.

“ This inftrument 1n its frame muft be fecured
“ againft the wall out of deors, to prevent its be-
% ing thaken by violent winds, Towards evening
<1 ufually vifit my thermometer, and fee at one
*“ view, by the index on the left fide, the cold of
« the preceding night; and by that on the right,
* the heat of the day. Thefe I minute down, and
« t part of the tube
e and move each of
“ them down to the furface of the mercury: thus,
% without heating, cooling, feparating, or at al
¢ difturbing the mercury, or moving the inftru-
“ ment, may this thermometer,withour a touch, be
&

immedjately reftified for another obfervation.”
It might at firlt fight be imagined that equal
o =] ) 1
increments of heat would caufe fluids ro expand
equably; viz. that if the heat be increafed gra-
dually by one degree, two degrees, three degrees,
&ec. the fluid thus heated would expand its bulk by

a certain quantity, then by twice that quantity, three
times that quantity, and fo on. But this

1

vafe, and

ot the

every fluid feems ro follow .

uably than any

devil Ally




be ‘?“Z‘carj of Heat, &e. 27
| to the increments of heat. WiLﬁ
other fiy 1_‘.5 the irregularity of - expanfion is very
confiderable.

One

arifisg from the mixtures of fuids, have cftablithed the
[=. = ] T I“ o - il -~
propofition, that when equal quantities of the fame fort of

o oy o 29" Lo 20 -
Sluidy but a’;_g.-’;-:‘mz!!'a keated, are mixed together, the tempera-
fure of the mixture is @ mean propor tional betwwcen the tem-

peratures of the j‘,;“u-_.-;f,-; parcels, Now if a thermometer,
having fhewn the temperatures of the feparate parcels, on
3(_.[- » placed into the mixture, does alfo fhew an arithme-
tical mean between the feparate temperatures, you may con-

clude that the liquor, of which the thermometer is made, ex=

pands equably through the deorees about that temperature,

and thus by

tures

milar experiments in different tempera-

he expanfibility of that fuid will be afcer-

Thus, if the thermometer being placed fucceflively into
two equal quantities of water, thews 40° in one parcel, and
60°%in the other ; mix the two parcels of water, and if the
m.el'llm.‘nr.-;er,bc';;'ag slaced in the mixture, fhews 50° you
may conclude that its fluid has expanded equably; if it fhews
lefs than 50% or more than 50°% you may conclude that its

€xpanfion is not fo great, or greater, &¢.

Mr. De Lue has, w
ed the expan(
©f heat which are required to e:qmﬂ.-d mercury atithmeti-
cally.. Thefe are exprelled in the following table, the firft
column of which contains the degrees of Reaumur’s {cale,

3 z .
rom five to five, which are cqual parts; the fecond fhews
the real

gréat care and aﬂl-.lu.u, afcertain-

ty of mercury, or rather the real quantities

quantities of heat which are reguired to raifls the
Marey ’ 3 )

“Teury to the correfponding degrees, wherc % is a fixe
but Unkngyy

' oquantity ; and the third column fhews ths
differences of thole quastiti

Y , R
Modif. de P Awmncfphere, 1272, p. 309.)

5. ':D: Luc’s Recher, furles

' Point
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ttmperature of boiling water ; vig. at 211%; wiii
Be found increafed in bulk by the uu_mut\ 0,0183
This fluid metal boils and becomes a vapour at 600°
of Fahrenheit’s thermometer, and it becomes 2
folid at —40°; viz. 72° below meliing ice. Below
that point; vig. —;ro”, it contralls irregularly.
See Mr. Hutching’s Experimentsin the Philofophicai
Tranfations for 1783, Art. XX ; alfo Art. XXL

Spirit of wine boils at about 18¢° and the pureft
probably never freezes. When brandy, or a mixture
of water and fpiric freezes, it is the water that be-
comes folid, but the fpiric will be found collefted
together in one or more bubbles, in fome part of
the 1ce,

The extenfive ufe and influence of water both in
natural and artificial affairs, renders it ne ceflary
to be more pamculax with refpeét to its expanfi-
bility, and to the elaftic force it acquires by being
heated, &c.

The expanfibility of water forms a fingular dzvia-
tion from an ‘otherwife general law of nature; for

though

: In order to comprehend the meaning of this table, it mult
be fil
underftood that different thermometers (each Lcmur filled
Wi . ; B 3
ith a particular Aluid , fuch as is mentioned at the top of the
}

<ol AT e e
4mas, and gach being divided into 80 equal parts between

the & s :
fre. ezing arid the boiling water poLILs )
their bu}

¥ealer 4

!3‘ 18 the fame vellz] full of

Sgradually heated,  Then whe




30 The Theory of Heat, e,

though every other fubftance, as far as we know,
is continually expanded by heat and contratted by
cold ; yer water is expanded by heat from about
40° of Fahrenheit’s thermometer upwards ; but
below 40° its bulk is expanded by a farther de-
creafe of heat, or increafe of cold: (fee p. 86. vol. I1:)
and, in faét, ice is lighter than water, fo as to float

mometer isat §°, 10° 15°, &c. the {urfacegof the fluids in
the other thermometers will be found at the degrees which
ftand on the fame levels ; for inftance, when the mercurial
thermometer ffands at 4c° the water thermometer will be
found to fland at 20%5; the fpirit thermometer will be

found to ftand at 35°%.the oil thermometer at 39°,2, &c.

1
Mercury, | Water.
E-l-

B.W.8c | 8o,0| 80,0 r-‘b.-::? 80,0

F3oL P10 | T4at 17358 | 7357

70| 62,0 68,4 1 67,6 | 67,5

65| 53,5 | 62,6 | 61,5 | 6155

s O - e e - 8

60| 45.8| 57,1 [ 555 5598
50,3 | 50,2 R
451 | 4459 344
ADO 26,7 | - 2&eadl
|4y S/ | 2%

- {
I:S)} 24,8 i 23,0
20,1 | 29,8 | 18,0}

1

25,5 | 252 ]3;5%
0,7 a4
6,1

PR Xs f_
A 0,1 |
o0 G.2
b




to that of

Vg U Y A sean
water nearly -as 7 to.8 ; whereas t

e ice of o1l is
heavier than Auid oil, and finks in it.

The bulk of water from the moft contraéted
, which is at 40° increafes
continually ; but the increafe i
fm‘ inft

o et

i

not . very regular;

the increale of

5 15 confiderably greater than from 4.0° to 72°

e [ i~

‘
- 4 T ool e ~D
the bulk of water at 40° b

212° wnll be 1,047¢8

witer becomes

additional heat




32 The Theory of Heat, &c.

attributes the vaft force of gunpowder, to the fud.
den converfion into vapour of that quantity of
water which naturally enters into the compofition of
that powder *. .

At 212° of temperature, water can entirely qver-
come the mean preflure of the atm ofphere.  Be-
yond that degree the vapour is expanded farther
and farther, or becomes more and more elaftic in
proportion.as it is heated to a greater and greater
degree. But below 212° the water can in part
overcome the preffure of the atmofphere ; and, in
fa&, vapour is feen to p*{)cced frum a quantity of
water long before 1ts boilip

Thedifferent powers of uvcrcoming the prefiure
of the atmofphere at different temperatures, have
been afcertained with fufficient accuracy within
certain limits, principally by means of the follow-
ing apparatus .

A, fig. 5. Plate XVIII, is a veffel placed upon
a {mall furnace B: It has three apertures ; viz. o,
to which the l*en* and open glals tube o757 is
fitted ; the bole 5, to which a thermometer 25 ' is
clofely adapted; and the tube x, which has the
ftop cock 4. The lower part m gz of .the glas =~

* See his very ingenious paver and ezleulation in the
- = 8 Ll SO ne SO SN A ¢ VY
Philofophical "Franfallions for 1797, A '

¥ e,

. : e . :
+ This method was cantrived and ufed by t'nc: Chevalier

- B b §

de Bettancourt,  See o raul, vol. 1.

=557+



The Theory of Heat, &e. 33
tube is filled with quickfilyer. This veflel A,
when the ftop-cock is clofed, has no communication
with the external air ; therefore it'is evident that if
the air be rarefied within the veffel, the external
preflure of the atmofphere will prefs the mercury
down into the leg g, and of courfe will force it to
rife into the leg g &+ fo that the difference of per-
pendicular altitude between the furfaces of the mer-
eury in the two legs thews the degree of rarcfaction
within the vefiel, or the difference of preflure be-
tween the internal and the external air, (See what

has been faid with refpect to the gauges of the air-
pump in vol. IL. p. 485, and following.) Cn the
contrary, if the elafticity of the fluid within the
veffel be increafed, the mercury will be lowered in
the leg kg, and will be raifed in the leg gr.  Then
the difference of altitude between the furfaces of
the mercury in the two legs thews the force of the
claftic fluid within the veffel; fo that when that
difference of perpendicular altitude is equal-to the
actual alritude of the mercury in the barometer, you
‘may conclude that the force of the elaflic fluid
within the veffel is equal to the preffure of the at-
mofphere, &c.

Now, when fome water is placed in the veflel
A, and is heated, the temperature of it is indicared
by the thermometer #5, the fcale of which projects
Out of the veflel; and the correfpondent force of
the vapour s indicated by the elevation of the

YOL. 111, D mercury




34 The Theory of Heat, £5¢.
mercury in the leg g7 above the furface of the
mercury in the leg kg *,

s the vapour of water, in order to aflume the
elaftic form, muft overcome, more or lefs efeGu-
ally, the preflure of the atmofphere, fo the preflure
of the atmolfphere forms a manifeft oppofition to
the reduction of water into vapour, or to its boiling,
Therefore, according as that preffure vaiies, viz.
as the barometer is high or low, fo the water re-
quires a greater or lefs degree of heat, in order to

# With refpect to the refults of the experiments, I fhall
only mention a few in the following table, from which the
force for the intermediate degrees of heat may be eafily con-
ceivedi—The firft column contains the temperature of the
water in degrees of Fahrenheit’s fcale ; the fecond contains
the correfpondent altitudes of the mercury it {upports in
mches and decimals.

5% o,106
100 | 1,600
150 | 6715
160 | 8,740
176 | 11,405
180 | 14,709
1go | 18,227
200 §22,7:t3
212 8

| 29,89 | fuppofing the barometer to ftand at its
mean altitude, viz. 2¢,89,

Beyond the boiling point every -additional 30° of heat
ncarly double the clafticity of fteam; fo that at the tem-
perature of 242°, the elaftic force of fteam is equal to the
preflure of two atmofpheres 5 at 272° it is'equal to four at-
mofpheres ; at 302° it is equal to cight atmofpheres, &c.

boil,



The Theory of Heat, &ie. 35
boil.  Hence, upon mountains water boils at a
lower temperature than on the plains®, and in
clofed veflels, or under an additional prefiure, water
Can be heated to a much greater degree than
212°+,
The fingular property of water, viz. that in
cooling from the 4oth degree downwards, it ex-

* The precife degrees of heat (Fahrenheit’s thermome-
ter) at which water will boil at different altitudes of the
barometer, both according to Mr. Be Luc’s, and Sir G.
Shuckburg’s obfervations, "are {tated in the following
table,

Height of Heat of boiling watr,

the baro. according to

meter, P —_— 5

- Mr. De Luc. Sir G. Sh.
————e

20, 205,17 204,01
26,5 | 206,07 20%,82
27, 200,06 206,73
2755 207,64 | 207,03
28, 208,69 208,25
28,5 200,55 2004
20, 210,38 210,28
29,5 210520 211,15
39 212,00 212,00
39,5 212,79 212,85
31, 213,57 213,69

T Water heated in 2 clofed ftrong veflel may be rendered
“Ven red-hot; in which fate it acquires a prodigious expan=

five force, a5 2

i Ifo a diffolving power, fuch indeed as to dif-
it}

| i ;.
. V€ even bones.. It is from this property that a ftrong
veflel gy for this exp

y clofed, has been
.Paj}m’s digefier,

eriment, and capable of being accurate-
called a digeffer, or from its inventor

D2 pands,
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[ 947

panids, and becomes lighter and lighter, in propor-
tion as it becomes colder and colder, is a moft
ftriking inftance of the wifdom of the Creator, and
15 a circumftance of immenfe confequence to the
very exiftence of animal and vegetable life,

A quantity of fluid water is indifpenfably neceflary
both to animals and to vegetables at all times of
tiie year. When in winter the cold air freezes the
furface of water, that effeét feldom penctrates lower
than twe or three feet; below that depth the
water continues fluid, and the cruft of ice itfelf
contributes to preferve its fluidity. The heat of the
carth which has been acquired during the [ummer,
undoubtedly prevents the formation of ice beyond
a certain depth. ~ But if water in cooling had con-
tinued to increafe in {pecific gravity, and had ice
been actually heavier than water, the heat of the
earth would not have fufficed to prevent the total
freezing of all the waters of lakes, feas, &e. « For,”
[f@ys an eloquent modern writer, < as the particles of
 water, on being cooled at the furface, would in

*“ conlequence of the increafe of their {pecific gra-

‘“ vity, on parting with a portion of their heat, im-
“ mediately delcend to the bottom, the greateft
« part of the heat accumulated during the fum-
mer in the earth, on which the water repofes,
would be carried off and loft before the water

began to freeze ; and when ice was once formed,

=
and would continue increafing during the whole
e

“f.its thicknefs. would increafe with great rapidity,

L 19

“ winter;




The Theory of Heat, Ee. 37
o Ll iy b e Gl S ol
winter ; and it feems very probable that 1n Cij-
“ mates which are now temperate, the water in

“ the large Jakes would be frozen to fuch a depth
“ in the courfe of a fevere winter, that the heat.of

“ the enfuing fummer would not be fufficient to

“ thaw them; and fhould this once happen, the
“ following winter would hardly fail to change the
whole mafs of its waters to one folid body of

121

ice, which never more could recover its liquid

“ form, but muft remain immoveable rtill the end

“ of time *.”
It has been already remarked, that though ice
melts at 32°, yer water does not freeze at 32° but
it requires to be cooled fome degrees lower bef’o;-e
1t will 2 icquire the folid form. This is alfo the cafe
with mercury ; viz, it bears to be cooled fome de-
grees beio‘v — 40

veral faés which have been obferved by va-
rious expcrimen:ers, have thrown a good deal of
light upon this fingular phenomenon, yet the real
Caufe of it is far from being clearly underftood.

It has been frequently afferted, that boiled water
freezes fooner than unboiled water; and this may
be true with ref [pect to impure waters, becaufe as 2
Mixture of falts, or acids, or earths, or alkalies, &c.

———

Count Rumford
thi

d’s
i} -4

= fubjedt is confidered :
View,

7th Effay, chap. III. wherein
at larze under different points of

24
(=]

D 3 renders

]




28 The Theory of Heat, .
renders water lefs liable to be frozen than pure
water, the boiling may caufe a_precipitation or
evaporation of the falr, earth, &c. and thus, by
leaving the water in a purer itate, may render it
more capuble of being frozen. ' But the boiling of
(viz. diftilled) water, which feems to do
1ﬁti1mnr more than deprive it of air, certainly ren-
ders it lefs apt to freeze ; for water, thus deprived
of air has been often cogzlcd feveral degrees below
32°; 'viz. even'{fo low as to 14° before it would
freeze *,
When water has been cooled as many degrees
below 212° as it will bear without freezing, the
congelation in that cafe may be haftened by various
means, viz. by a fudden Rroke againft the fides of,
the veflel, by touching the futface of the water with
a piece of ice, by placing a largith piece of metal
in contadt with the cutfide of the veflel, &c. The
water then will Thoot into cryftals in a very {triking
manner, and will acquire the folid form, almoft in-
ftantaneoufly 5 the thermometer > which has its bulb

in it, rifing at the fame time |mmediately to 32° .

Mr. De Luc™s Idées fur la 2 letesraligie, tom, II, p. 105,

Yet in the atmofphere, watcr begins to freeze when the
temperature of the atmofphere is very litile below 290,

a3 = = S ol o S & £

+ B orifar particulars refpeiting  this property of

water, as allo for the conjectures which have heen offered
3 J

in explanation of it, fee the Philofophical Tranfadtions,
vol. for "53. Art. X,
A fimilar
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A {imilar effeét is produced by the freezing of
quickfilver.

The admixwre of faline and feveral other fub-
ftances lower the freezing point of water ; but it is
impoflible to examine the numerous facts which
may be obferved with refpet ta the infinite poffible
combinations of water with other fubftances ; we
{hall, however, ftate the prim‘iml phenomena which
relate to the congelation of falt-water or {ea-water,

which is of more general confequence.

Sea-water, which at a mean may be faid to con-
tain ‘1-28th of its weight of falt*, muflt be cooled
to about ©” before it will freeze. A frigorific mix-
ture of three parts of pounded ice, and two parts of
common f{al, which will lower the thermometer to
—4°7, Is quite fufficient to freeze it.

A quantity of fea-water is never entirely con-
gealed, a portion of it does always remain fluid ;
and what is very remarkable, this fluid portion is
incompar.;biy more full of falt, and more naufeous,
than the frozen part ; {o that if the former be {epa-
rated, the latter, on being melted, will be found to
contain rauch lefs falt,' &c. than it did before the
Congelation. If this water of the jfir} purification
be again congealed, which requires lefs cold, it will

e

* Sce Dr. Watfon’s Chem. Effays, vel. 1. Effay IV,

T The negative fign, viz. a flroke before the number

df_‘rvrn
o % means fuch number of degrees below the o of
the fcale,

D 4 alfo
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alfo leave 2 fluid portion, which will be found to
contain a greater proportion of falt than the con-
gealed part, and may be feparated from it. Thus
by repeatedly freezing the fame fea-water, and fe-
parating the fluid from the congealed part in every
operation, you will at laft obtain the water perfe@ly
purified, and fit for drink and other purpofes. Sea-
water thus purified, by means of fix {ucceflive con-
gelations, has been found perfectly fweet, capable of
diffolving fope, and fo nearly of the fpecific gravity
of rain-water, that the former was to the latter as
7801 to 7800 *

Thefe faéts will ealily explain why fome naviga-
tors have found the ice of fea-water, when melted,
not good for drink, whilft others have found it very
fweet and ufeful, as it proved to Captain Cook’s
expedition near the fouth pole,

After the liqbids, it will be neceffary to notice
the expanfibility of the acrial fluids, and here we
muft confine ourlelves almoft entirely to common
air; for the various experiments which have been
made with other permanently claftic fluids are by
no means conclufive ; cxcepting their having
proved that hydrogen gas is expanded by means
of heat confiderably more than common air.

The inftrument in which the expanfion of air is
tried has been called manometer, but in truth it is

* See the Chevalier Lorgna’s Experiments, concerning
the purification of fea~water.

only
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only an air-thermometer, and, though rather larger,
it is not however unlike the common thermometer;
Viz. it confifts of a tube five or fix feet long, having
a bulb at one end and open at the other. The bore
of the tube is about a 2cth of an inch in diameter. A
fmall quantity of quickfilver is placed in foine part of
the cavity of the tube, and the expanfion of the air of

1e bulb, when heated, forces the guickfilver to move
towards the openend of the tube. The degree of heat
to which the manometer is expofed, is mealured by
means of a thermometer ; the quantity of expanfion
of the air is afcertained by gauging the manometer,
and making marks on the tube, which marks may
indicate parts of tfle cavity of the tube that are pro-
portional to the capacity of the manometer,-as for
inftance, 1ooths or roooths, &c. See fig. 6.
Plate X VIII.

By placing the manometer horizontal or vertical,
cither with the bulb downwards or the bulb up-
wards, the air in it may be either left of the natural
dc“ﬁt}’, or it may be condenfed, or, laftly, it may
be rarefied ; for when the manometer is horizontal,
the quickfilver 2 4 does neither prefs upon the air
Of the manometer, nor on that of the atmofphere;
When the bulb is downwards, the quickfilver a2
Prefies upon the air of the manometer, and when
the bulp i upwards, the quickfilver 4/ prefles
Againft, ang counterafls, in fome meafure, the .
grath. of the atmofphere. Hence this prefiure
and thig tarefaltion of the air within the mano-

meter
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meter may be increafed to any required degree by
increafing the quantity 4 of the quickfilver within
the tube ; and thus the expanfibility of common, or
of condenfed, or of rarefied air may be tried,

The expanfion of air by the fame decrees of
heat, differs according to its denfity, and to the
quantity of moifture it contains ; nor are the incre-
ments of its bulk proportional to the degrees of
temperature,

It appears from Col. Roy’s very numerous ex-
periments *, that 10co parts of air, of the denfity
of the common atmoiphere, at o° of heat, become
1484,21 at 212°, Viz. are expanded 484,21 by
212° of heat.

1000 parts of air, loaded with 2z atmoipheres,
are expanded 434 of thofe parts, by 2120 of
heat.

1000 parts of air prefied only with 2 ths of an
atmofphere, are expanded nearly 484 of thofe parts
by 212° of heat.

1c00 parts of air preffed with *th of an at-
molphere, are expanded about 141 parts by 180°
of heat; viz. from the freezing to the boiling point.

“ From thefe lalt experiments,” fays Col. Roy, -
« 1t would [eem, that the particles of air may be
“ f{o far removed from each other, by the diminu-
« tion of preflure, as to lofe a very great part of
“ their elaflic force.”

s

*hilofophical TranfaGions, vol. LXVII. Article
XXXIV. %
The
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The abovementioned expanfions are by no means
regular; ‘viz. they are not proportional to the
number of degrees of heat. "The maximum of
expanfion rakes place between §2° and 727 and
the minimum is conftantly at the boiling point of
water.,

Moift air expands valtly more than dry air, efpe-
Cially when it approaches the boiling point of
water ; fo that between 192° and 212° moift air
expands about 8 or g times as much as dry air in
fimilar circumftances.

From all what has been faid with refpeét to the
expanfion of fluids, it appears that on account of
the great irregularity of the rate of expanfion, mer-
cury and fpirit of wine are the only two fluids which
can be ufed for thermometers; obferving that fome
compenfation muft be made in the fcale of the fpi-
rit thermometer, in order to make it correfpond
with the fcale of the mercurial thermometer.  But
the ‘mercurial thermometer cannot indicate a tem-
Perature higher than 60c°. Hence various inge-
nious perfons have endeavoured to contrive inftru-
ments capable of indicating the higher degrees of
heat, which would be of great ufe in -philofophy,
Chﬂniﬁry, and various arts®* ; but the only ufeful

contrivance

e o Y

» t1 - " .
Itis mentioned by De Magellan, in his Efay fur la
A5uvells Ty - s % : .
: Bh’/z Théorie du Feu lementaire, 1783, that Mr. Achard
Ot berlin k- :
tlin hag contrived and exccuted a thermometer capable

of
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contrivance of this fort was made by the late M.
Wedgwood.  This ingenious gentleman applied
to the meafuring of high degrees of heat, a fingular
property of argillaceous bodies, a property which
obtains more or lefs in every kind of them, as far as
has been examined. This property is, that an ar-
gillaceous fubftance, when expofed to a fire, is di-
minifhed in bulk by it, nor does the bulk increafe
2gain after cooling ; and this diminution of bulk is
proportionate to the degree of heat to which the
fubftance has been expofed.

This property may feem to be a deviation from
the general rule, viz. that heat expands all forts of
bodies, and that a diminution of heat enables them
to contract their dimenfions; but in this cafe it
muft be confidered that the clay-pieces contra&: and
remain contrafted, becaufe fome {ubftance, viz.
water and an aériform fluid, is feparated from them
by the aétion of the fire,

Mr. Wedgwood'’s thermometer, or apparatus for
meafuring the high degrees of heat, confifts of {mall

of meafuring the degrees of heat from 212° to a confiderable -
number beyond 600°; the tube and bulb of this thermome~
ter are faid to confift of a femi-tranfparent porcelain, and to
be filled with a mixture of two parts of bifmuth, one of lead,
and one of tin, which metallic mixture melts at about the
point of boiling water, and is afterwards expangded: by an
incresfe of heat, But I never faw one of thofe thermo-
meters,

pieces
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pieces of clay of a determined length, which are to
be placed in the furnace, crucible, &c. whofe degree
of heat is to be afeertained, and of a gauge to mea-
fure the contra@ed dimenfions of the Llay-pzpccs,
after they have been expofed to the fire.

Fig, 7. Plate X VIIL. reprefents the gauge, which
35 either of brafs or of porcelain. Fig. 8. reprefents,
a feCtion of the fame; and the letters refer to the
like parts in both figures. - EFHG is 2 fimooth flat
plate; AC, BD, are two rulers or flat pieces, a
Quarter of an inch thick, and fixed faft upon the
plate, fo as to form a converging canal ABCD,
whofe width at CD is three-fifths of the width at
AB. The whole len: gth of the canal from AB to
CD, is divided into 24 40 equal parts, and the divi-
fions are numbered from the wider end. It i 15 €Vi-
dent that if a body, fo aﬂ]u!itd as tofit exattly the
wider end of this canal, be ds diminithed in
its bulk by the a&ion of ﬁre f*s the thermometri-
<al pieces, which will be defcribed in the next para-
graph) it may then be pafled further in the canal,
and more {o, according as the diminution is
Sreater,

The thermometrical picces are fmall cylinders of
clay*, 2 Jisgle fattened on one fide. They are

neatly

H_—_""‘-——_,_

¥ Asdif, rent fhecimens of clay'are contracted -;‘-ifereutiy
B e
¥ the like g degrees of lvu.f- Mr. W edgwood endeavoured
to figd - &
82 Tor Hlaceous fubftance, which might be

conftant
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nearly as much in diameter as they are in length,
When one of thefe pieces is to be ufed, it is proper
to meafyre it firll by placing it in the gauge at AB ;
for fometimes thofe. pieces are a few degrees larger
or fmaller than the diftance A B, which excefs or
defedt being alcertained, muft afterwards be allowed
for. P reprelents one of thefe pieces fet in the
gauge for meafurement.

The piece is then placed into the furnace, or cru-
cible®, and if it be taken out either at the end of
the operation, or at any period, and, when grown cold,
be meafured by fliding it as far as it will go, into
the canal of the gauge, the number of divifions

conftant in its contracting property. After a variety of
trials he found that two parts of the Cornwall porcelain clay,
and one part of the earth of alum, formed a fubftance pol~
fefled of the defired property.

The alum earth is prepared by diflolving the alum in
water, precipitating with a folution of fixed alkali, and
walhing the earth repeatedly with large quantities of boil-
ing water,

The two carths muft be well mixed together, then the
pafte is formed into a cylinder by means of a mould, and cut
to the proper length. They ar¢ alfo expofed toa low fire,
viz. barely red-hot, in order to give them fome hardnefs.

* In certain cafes it will be proper not to expofe the ther-
mometrical piece by itfelf; but to place it in a fmall crucible
or cafe of crucible earth, and expofe it with the cafe to the
fire ; which prevents the adhefion of extraneous matter to the
piece, &e.
againft
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againft the place where it flops will fhew the con-
tracted dimenfions of the piece, and of courfe the
degree of heat to which it has been expoled. Tt
will be found that thefe pieces will go very little
beyond o in the canal, if théy have been expofed to
3 vifible red heat ; will go to 27 if they have been
expofed to the heat in which copper melts; " to
about go* if expofed to the welding heat of iron;
about 160 if expofed to the greateft heat that can
be produced with charred pit-coal in a wel! con-
ftruéed common air-furnace, &c.

The fame thermometrical piece which has been
ufed before; may be ufed again for higher degrees
of heat, but not for lower degrecs.

It is now neceffary to fhew the correfpondence
between the feale of this, and the fcale of Fahren-
heit’s mercurial thermometer.

As the mercurial thermometer  cannot fhew
 temperature higher than 6ooe, and Wedg-
Wood’s thermometer cannot fhew a temperature
l‘f“'fr than red heat, which is by feveral degrees
ilghe‘r than 6oc®, therefore it was neceflary to
Ontrive a meafure for the intermediate degarees,
and which might reach fome decrees below 6oo®,
and fome degrees a

bove the temperature of a red
heat,

Mr. Wedgwood chofe a piece of filver, the
-
“XPanfion of wh
the :

. PUpofe, fimilar to the gauge, fig. 7. might in-
dicate the g £

1€ the degree
Hlermon

ich meafured in a gauge made for

s of temperature between the two
‘eters 5 with this inftroment he firft found

the
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4§
the correfpondence between the degrees of Faliren-
heit’s feale and the laft-mentioned gauge, by placing
them alternately in water of the temperature of go°,
and in boiling water. Then he found the cor-
refpondence between the degrees of the gauge of
the filver piece, and that of the earthen thermome-
trical pieces, by placing them both at the fame
time into different and higher degrees of heat;
laftly, by computation from thofe refults, he deter-
mined the correfpondence between the degrees of
Fahrenheit’s fcale and thofe of his own thermome-
trical gauge *.

It was found that one degree of Wedgwood’s
thermometer is equal to 1300 of Fahrenheit's ;
and that the o of Wedgwood’s coincides with the
1077,°5 of Fahrenheit’s ; from which data a com-
parifon of the two thermometers may be made, or
rather of the imaginary extenfions of their two
feales ; for, in fact, Fahrenheit’s thermometer can-

fhew higher than 6cc’; and Wedgwood’s

s If it be afked why could not the abovementioned gauge
with the filver piece be ufed, in chemical and other pro-
cefles, for mr:.*.iur.nrr the antr:rmem.-.te degrces between the
thermometers of Fahrenheit md Wedgwood ! The anfwer
is, that the piece of filver, after being expanded by heat,
does not remain in that flate; but is contraéted in cooling ;
therefore it muft be meafured whi]Et hot ; and for this pur-
prm the gauge itlelf n'l'ﬂ' be allually expofed to the fame

rree of hem ; which is “attended with very great inconve-

SL1CES.,
cannot
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C3anot reach near fo low. It is likewife to be ob-
ferved that the degrees of Wedgwood’s feale are _
fuppofed to thew equal increments of heat ; whereas
in truth we do not know whether the clay thermo-
etrical pieces contrat in proportion to the incre-
ments of heat ; which fhews that, though this is the
beft known thermometer for meafuring the higher
degrees of heat, yet an improvement of the fame,
or fome other more manageable and more accurate
contrivance, is highly defirable.

Upon the whole it appears, that the {pirit ther-
mometer enables us to meafure the degrees of heat
as low as has ever been experienced, either na-
turally, or by artificial cooling ; that the mercurial
thermometer enables us to meafure the heat from
== 40° t0 600°; and that Wedgwood’s thermo-
Meter enables us to meafure from a red heat up
t9 the farther extent of thar fcale, viz. to its 240th
F!engB, which is reckoned equivalent to 32277° of
Fahrenheir’s fcale™. -

The following Table contains the corre{pon-
dence between Fahrenheit’s and Wedgwood's ther-
Mometer; and it exhibits a confiderable number
Of ‘peculiar effects or phenomena, which have been
ound to take place at particular degrees of heat.
‘h\h—H‘_

L FUI‘

o farther [-‘aft'ltulars,'r’cfpefting Mr. Wedgwood’s
LY;‘{’;Detcr, fee the Philofophical Tranfactions, vol.
vol, Ly wi e XIX. vol. LXXIV. Art, XXVIL and
oL LXXVE ap, xxI1.

v -
e A £ Extremity
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Fahren.
Extremity of the feale of Wedgwood’s
thermometer - - - 32297°
Greateft heat of an air furnace 8§ inches
in diameter, which neither melted
nor foftened Nankeen poreelain - 21877

beft fort 21357
infer, fort 1 5600

Pig iron thoroughly melted for cafting 20200

Chinefe porcelain foftened{

Briftol porcelain withftood - - - 18627
Pig iron begins tomelt - - - - 17977
Greateft hear of a common fmith’s
forge st sut e a0y
Plate glafs furnace (ﬁrongei‘t heat) - 17197
Bow porcelain vitrifies . . _ 16807
Flint glafs furnace (ftrongeft heat) - 15897
Derby porcelain vitrifies - - 15637
Chelfea porcelain vitrifies - - 14727
Stone ware, or pofs de gres, baked in 14337
Woreefter porcelain vitrifies . « - 13297
" Welding heat of iron{%}f&te&_ 5 :3?‘;;
Cream-coloured ware baked in - - 12257
Flint glafs furnace (weak heat) - =« 10177
Working heat of plate glafs - - 8487

Delft ware bakedin =~ - - 6467
Fine gold melts - - & - 5237
Settling heat of flint glafs - - 4847
Fine filver melts - - = 4719
Swedith copper melts - - - 4587
Brafs melts - - 4~ 3%

d

Wedg.

340

160
156
120
150
135
130

124
I:J,

123

tllq‘

112
105
102
94
95
90
86
70
§7
4%
32
29
28
a7
2

Heat
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Fahren, | Wedg.

Heay, by which enamel colours are
bumt on -

. . - 18570 6°
Red-heat fully vifible in day-light - 1077 { ©

Mercury boils, alfo linfeed and other

cxprefied oils boil - - - 6oo
The furface of polithed fieel acquires

2 uniform deep blue colour - - 380
Oil of turpentine boils - - - 560
Sulphuric acid boils - - - 546
Lead mels - - =

SR
The furface of polifhed fteel acquires

a pale ftraw colaur®; and is the
beft heat to which hardened blades
of pen-knives and other tools with
a fine edge, muft be brought down
for 2 proper temper. Alfo bifmuth
melts, and likewife a mixture of 4 .
Parts of lead and one of tin melts = 460

Tin melts 4 : ot - - 408

Heat, to which the hardened blades of
razors thould be brought down for
a fine temper - - - - 430}
A mixture of 3 parts of tin and 2 of
lead melts ; alfo a mixture of 2 parts

of tin and one of bifmuth melts - 3234

A com-
e ‘
58* The intermediate degrees of heat between 460° and
Ou

» Produce upon fteel the fucceffive thades of colour be-
*Ween pale fhraw and deep blue colour. -

T T have (Mr. Cavendifh fays in the Philofophical
E2 % Tranfactions,
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A compound of equal parts of tin and bif-
muth melts - - = 2 _
Nitric acid boils * o 4 e
A faturated folution of fal¢ boilst - -
Water boils (the barometer being at 30
inches) ; allo a compound of 5 parts of
bifmuth, 3 parts of tin, and 2 parts of
lead, melts - - - 7 =
A compound of 3 parts of tin, § of lead,
and 8 of bifmuth, melts rather below -
Alkohol boils - - - - -
Serum of blood begins to coagulate ; alfo
albumen, or the white of an egg, coagu-
lates - - - - = 5
Bees wax melts - - - - ey
Feverifh heat from 1c7° t0 - - -
Heat fit for the hatching of hen’s eggs -
The moft ufual heat for a pleafant bath -
Heat of the interior bath of Edinburgh

Fahren.

283°
242
218

[
-y
[

210
174

146

112
108
106
100

* Tranfactions, vol.73d, p.313) formerly kept a thermometer

-~

3

in melted tin and lead, tll they became folid; the ther-

¢ mometer remained perfetly flationary, from the time the
¢ metal began to harden round the fides of the pot till it
t was entirely folid 3 but I could not perceive it to fink ar
#. 1] below that point, and rifé up to it when the metal be-

% gan to harden,”

s Concerning the freezing point of this acid, fee the.

Phil. Tranf. vol, 76th, Art. Xill.
+ Some air is expelled before the heat of 212,

Animal
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Fahren.
Animal heat, or blood heat, from g6°to - 100°
Water freezes, or rather ice begins to melt 3

Milk freezes < s pe : - 30
Vinegar freezes at about 4 " oy
Human blood freezes - = = -, 25

= 20

Strong wines freeze at about
A migture of 1 part of alkohol and 3 parts

of water freezes - - - - - 7
A mixture of alkohol and water in equal

quantities freezes = = - - —7
A mixture of 2 parts of alkohol and 1 of
water freezes - - S = L et T
Mercury congeals * 2 - = - —3Q
Solids

* In afluming the folid form, mercury contradls its bulk
i”cguldrty. Upon the whole it feems to contrat about
'* d of its bulk ; bur it is impofiible to fay how much more
"t may contra® by a greater cold. Mercury may be cooled
fome degrees below its freszing point, before it aflumes the
folig form ; but as foon as it begins to harden, the thermo-
Teter rifes to its freezing point, which, from 2 variety of the
woft accurate experiments made by Mr. Hutching at Hud-
fou’s Bay, appeared upon his thermometers to be —40. But
(‘Mr' pavel1d;ﬂ1 obfeeves in the Phil. T'ranf. vol. 73d, p. 321)
2 : 1t ?ppcarcd from the examination of this thermometer,
- m‘f; it came home, t-h?.t —40 thereon anfwers to — 38°%
« by Lh?ermm-lmr adjufted in the u.mnner' recommended
e ;11-} e comltmtc-cc of the_Royai f.Socxety; it fol[ows,‘ that

'€ experiments agree in fhewing that the true pointat
E3 | ¢ which




54 The Theory of Heat, E¢.

Solids are expanded by heat much lefs than
fluids; and, indeed, there feems to be that law
in nature, namely, that in general bodies of lefs
denfity are expanded more than other bodies of
greater denfity. This law, however, has feveral
exceptions, efpecially amongft the folids. Thus hy-
drogen gas is expanded more than common air ;
common air more than fpirit of wine; fpirit of
wine more than water ; water more than mercury ;
mercury more than iron; but ron lefs than tin,
though tin is fpecifically lighter than iron.

The inftruments for meafuring the expanfions of
folids, have been called pyrometers, (viz. meafurers
of fire) ; and they have been made of a great variety
of thapes. The whole confifts of 2 machine capable
of rendering the fmall expanfions of folids apparent
go the obferver, and of an apparatus fit to heat the
podies under examination to a determined degree.
T he moft ufual, and, indeed, the moft eligible, mode
of heating the bodies, is to place them in water,
wherein a thermometer is placed, and to heat the
water by means of lamps.. The fmall expanfions

et which quickfilver freczes,is —38°3, or in whole numbers,
¢ 20° below nothing.”

In becoming folid, mercury fometimes l.hopts into chry=
ftals or longitudinal filaments like pins. Congealed mer-
cury poflefles confiderable duétility ; but it does not feem
to be perfetly mallcable, See the Phil. Tranf, vol. 734
Part 11, of
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of the heated {olids have been rendered vifible, 1ft,
by mulriplying wheels, or by leavers, or by fine
fcrews, which render a fmall motion communicated
to one end of the mechanifm produétive of a great
movement at the other end; and 2dly, by mag-
nifying the fmall expanfion through microfcopes;
which, upon the whole, feems to be by far the moft
Certain and the moft manageable method ; for with |
wheels and pinions, and even with levers or {crews,
there is always fome equivocal motion, arifing
from the loofe conneftion of teeth and pinions,
or from the ftrefs and bending of other parts *.

The

* Muflchembroek feems to have been the firft inventor
of the pyrometer, See his Pyrometer, with alterations and
Improvements by Defagulier, in Defagulier’s Exp. Phil,
vol. 1, P 4271.
| Mr. Ellicot contrived 2 different mechanifim, which is
deferibed in the Phil. Tranf, N. 443. With that pyro-
Meter he determined the proportional expanfions of feven
Metallic fubftances, produced by the fame increafe of tem-
Perature.  They are as follows ;

Gold, Silver. Brag, Copper. Iron. Steel, Lead,
73 103 93 89 6o 56 149

A very fimple pyrometer, more ufeful for thewing 'the

:{I’:ﬁ‘m of metals in a courfe of leGures, than for accuracy
meﬂ::‘:u:-'ments, is defcribed by Fergufon in the fupple-

is leGtures.
 Smeaton contrived a pyrometer, which is vaftly fu-
T 10'any that had been conltrutted before, either in this
E4 squntry

perio
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L The beft inftrument of the kind, in point of ac-
i curacy, is undoubtedly Mr. Ramfden’s pyrometer,
I of whofe conftruction I fhall now give a fhort idea;
: | referring the reader for farther particulars to the
original and particular defcription in the Philofo-
B phical Tranfactions.
The metallic bar; whefe expanfion is to be mea=
fured, and which may be even five feet long, is
placed in a copper trough little longer than five feet ;
o and this is placed over 12 fpirit lamps, the flames
I of which can heat the water of that trough fully to
the boiling point, and of courfe heat the bar which
! is plunged in it
1 Two other wooden troughs, alfo full of water,

The Theory of Heat, &,

: are placed parallel to, and at a little diflance from,
} the copper one. Each of thefe contains a caft iron
i | prifmatic bar; to the ends of one of thofe bars
{ ‘ two micrefcopes are faftened in an horizontal firua-
‘ tion, perpendicularly to the bars, One of thofe mi-

crofcopes is furnifhed with a- micrometer, or me-

country or elfewhere, and with it he determined the expan=
il fibility of feveral fubftances to a confiderable degree of ac-
B curacy.' oee the Phil. Tranf, vol. 48th. See alfo De Luc’s
pyrometer in the Phil. Tranf, vol. 68th, But all thofe
contrivances muft be confidered as inferior to 2 pyrometer
I which ‘was contrived by the late very ingenious Mr, Jefley
' Ramfden; of which an accurate and minute dcfcription is
i given by General Roy, in the 75th vol. of the Philofophical
Tranfactions,

chanifm,
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chanifm, to meafure the magnified image of an cb-
Je&t; the other microfcope bas a fimple mark.
Now, without eutering into any particular detail,
which would not be proper, previous to the de-
feription of microfcopes, I fhall only fay, that the
parts of the microfcopes, as alfo the proper marks
for meafurement, are fo feparated and difpofed,
partly upon the ends of the caft-iron rods, and partly
upon the ends of the rod under examination, that
if any of thern be lengthened or fhortened, that al-
teration is clearly perceived through the micro-
fcopes, and may be meafured by means of the
micrometer. It follows, that if the temperature
of the caft-iron prifmatic bars be kept unalter-
ed, whillt that of the bar under examination is in-
creafed, then the increafe of length, which is mea-
fured by the micromoter, muft be attributed to that
bar only ; and ‘by this means the expanfions of feven
fubftances were afcertained *.

The following table thews in parts of an inch
how much a foot length of different fubftances is
€xpanded by 18c° of heat, between the freezing
and boiling point of water. To the firft {even fab-
ﬁﬂx?ces (having been examined in Mr. Ramfden’s,
Which is by far the moft accurate, pyrometer), I

Ve added the expanfions. for a fingle ‘degree of
‘::;- h-Thf: reft were determined by Mr. Smeaton
wmomr.

" The table of thofe expanfions is in page 480 of the 75th

vol: of the Phil, Tranf,
Standard
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Fahrenheir’s feale.

“ Byi1® | By 180®
Standard brafs fcale, . fup-

pofed to be Hamburgh

brafs - - . o,0001237]0,0222646
Englifh plate brafs, in form

ofarod - - = 00001262 0,0227136
Englifh plate brafs, in form ‘

of a trough - - 0,0001263|0;0227386
Steel rod - * = 0,0000763|0,0137368
Caft iron prifm - o,oooomoi 0,0133126
Glafs tube® - - 00000517 0,0093138
Solid glafs rod * - = 0,0000539 l 0,0096944
‘White glafs barometer tube * - 00,0100
Martial regulus of antimony - 00130
Bliftered fteel - - - 00138
Hard fteel - - - = 00147
Iron - - - - -~ 001§k
Bifmuth - - - - - 00167
Copper hammered - - -  ©0;0204
Copper 8 parss with tin one - 00218
Caft brafs 3 i 4 = 0,022§
Brafs 16 parts with tin one = - 00329
Brafs wire - A = + 00232

« Sometimes glafs tubes are extended more than folid
glafs rods ; their dilatation, however, is not conftant ; for
tubes of different diameters, or of different forts of glafs,
are expanded differently by the like degrees of heat, Phil,
Tranf. vol, 67th, p. 663,

' Speculum
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Speculum metal = - - - - 00232
Spelter folder, viz. brafs 2 parts, zinc one 0,0247
Fine pewter - -~ = = = 00274
Graintin =~ - - - - - 00298

Soft folder, viz. lead 2 parts, tin one  0,0301
Zinc 8 parts with tin one, a little ham- i

mered - - = - - 00323
Lead: - - . - - - 00,0344
Zinc or fpelter - - : = 00333
Zinc hammered half an inch per foot - 00,0373

Wood is not much expanded longitudinally, viz,
in the direion of its fibres, by heat ; and this is par-
ticularly the cafe with deal and other ftraight grained
wood. Probably upon the whole, the longitudinal
expanfion of wood is lefs than that of glafs. It has
been obferved, that very dry and feafoned wood, if
not expofed to a very high or to a very low tem-
Perature, will expand in length pretty regularly ;
otherwife its expanfion by heat and contrattion by
cold are very irregular; forthey feem to depend partly
upon the heat, and partly upon the moifture, which
the wood acquires in certain circumftances, and 18
deprived of in others *. ‘

The expanfion and contration of every fubftance
by hear and cold, and the continual change of

temperature, to which all the furface of the earth,
et

. .
See Dr, Ritenhoufe’s Experiments in the Tranfatbons

of the American Philofophical Scciety. with
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with whatever thereon exifls, is fubject, fhew that
every particle of matter, every fibre of our bodies,
metals, bricks, ftones, fluids, &c. are all in conti-
nuzl motion, though thofe movements may appear
very fmall to our fenfes. Hence it is faid, that heat
is the univerfal mover, and feems to animate the
whole.

Some ufeful advantages in mechanics are derived
from the knowledge of the various expanfibilities of
bodies. Thus well-conftrufted clocks would be
fubjedt to a confiderable imperfection, were not re-
medies pointed out by thofe various expanfibilities,
To deferibe the mechanifm of clocks, watches, &c.
would be foreign to the fubjedt of this work ; but I
fhall endeavour briefly to thew the advantage which
clock-making derives therefrom.

[t is-evident that when the peadulum of a clock
grows longer, the time of vibration is lengthened,
and of courfe the clock goes flower. The contrary
happens when the pendulum grows fhorter. Now
a variety of contrivances to obviate this defe& of
clocks, &c. have been made by divers ingenious
artifts, fuch as Graham, Harrilon, Ellicot, Ber-
thoud, Cumming, Mudge, &ec. which contrivances
are all derived from the expanfibilitics of bodies.
The following two or three inftances in the fimpleft
mode of conftruétion, will give a fufficient idea of

the application.

A wooden rod for the pendulum of a clock is cer-
tainly better than a common metallic rod ; the ex-
panfion
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panfion of the former being much lefs than that of
the latter. A glafs rod or tube is alfo preferable to
metal; bu: the effefts of the expanfibilicy of the
glafs tube may be entirely removed by this means>
viz. by filling part of the tube with mercury.
Suppofe, for inftance, that AB, fig. g. Plate XVIIL.
Is fuch a tube fufpended at A, and filled withmercury
from B to C; and let D be the centre of ofcillation
of the tube. Now it is evident, that when the tube
1s extended by heat, the diftance of the point D
from A js increaled ; for inftance, D comes to 2 ;
but the fame heat which extends the tube, rarefies
the mercury alfo, and extends its furface C to¢;
hence on account of this elevation, the centre of
ofcillation of the mercury Be, which before ftood at
E, is raifed to ¢, and of courfe the centre of ofcil-
lation of both the tube and the quickfilver toge-
ther remains in the fame place; the centre of
Ofcﬂ_liltlon of the one being raifed as much as that
of the other is depreffed.

The fame remedy may be obtained by a combi-
Ration - of bars of different metals, (which form
:':)tdt is_culled a compound pendulum); and the fol-

ing is the impleft, though not the molt correlt,
And the moft commodious, conftruétion. Fig. 10.
t‘iitEXVlII. reprefents a pendulum, confifting of

Pars, AB, AC, of two different metals, of which
P.]En;t::gnoﬁ expanfible by heat.' ‘ CD .is a lever
e "and C t.o the BKti'C;lﬁ]}lfS of the.bars,
Pending a weight or bob E. Now, if the

iWO
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two bars were expanded alike by heat, it is éviden¢
that the diftance of the weight E, from the point of
fufpenfion A, would be increafed; but as AC is
expanded more than AB, when the extremity B
comes to &, the extremity C comes lower down,
viz. to ¢; hence the lever CD is placed in the firu-
ation ¢¢D; fo that the extremity D remains in the
fame place it was before, and of courfe the diftance
EA remains tnaltered. In thefe cafes the lengths
of the rods, levers, or (in the above inftance of the
glafs tube) the quantity of mercury muft be cal-
culated and adjufted according to the quantitics of
expanfions, lengths of the pendulums, &ec.

Other contrivances, but upen the fame principle
of different expanfibility, have been applied to the
beft watches or rin:e;pECCa‘s.



CHAPT-ER i

OF THE CAPACITY OF BODIES FOR CALORIC, AND
THEIR SPECIFIC CALORIC.

EAT, or, according to the theory, caloric,

cannot be accumulated and detained in any
particular place or body, but it continually tends
to expand itlelf over the adjacent bodies, till they
are brought to the fame temperature. Thus, if a
Piece of red-hot iron be placed amongft other picces
of ftone, metal, &c. in a colder ftate ; the heat will
be communicated from the iron to the other bo-
dies ; to the neareft firft, and then to thole that are
fhore remote ; {o that by degrees the iron lofes part
of its heat, and the other bodies acquire it, until.
they g attain the fame temperature ; for though the
Caloric wij] pafs through certain bodies eafier than
trough others; yet there is no body which can
Confine it cifectually.

When homogeneens bodies, viz. parcels of the
ame fore of fubftance, are placed in a higher tem-
P ijt‘“‘e; or when they are unequally heated and
.1; o:ﬁitpint? contact ; the quantity of caloric which

Dunicated to, or abforbed by, each of the
bodies -
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bodies, is propdrtionate to the quantity of matter of
each body refpedtively. And on the contrary, if
they be placed in a lower temperature, the quanti-
it ties of caloric which they lofe, are proportionate to
their quantities of matter refpectively. Thus, if two
i leaden balls of equal weights be placed in boiling
water, they will be heated alike, or equal quantities
‘ I of caloric will be communicated to them. If they
: be placed in cold water, they will be deprived of
equal quantities of caloric. When a pound of
1l water is mixed with another pound of water hotter
than the former, the excefs of heat which one of
! them has above the other will be divided into two ;
'l ! viz. it will be diftributed equably amongft the two
: pounds of water. If two pounds of water be mixed
i j with ‘one pound of hotter water, the excefs of heat
‘ ! will be divided into three parts, viz.' it will be
l diftributed equably amongft the three pounds of
I i wazer : hence we derive an eafy rule for determin-
ol ing the temperature of a mixture of homogeneous
J\ | bodies, which poffeflfed different known tempera-
"3I"i|{ tures before the mixture. The rule is as follows
i Multiply the weight of each parcel or body by its
I pfctflir&r temperature 5 add the prodaéls together, ‘and .
b divide the fum of thofe produfis by the fum of the
weights 5 the quotient is the tempemrure of the mixture.
il Thus, if three pounds of water, whole tempera-
I ture is 40°, be mixed with g pounds of water, whofe
l& temperature is 100°, the temperature of the mix-
: . ture will be 85°; for 3 multiplied by 40° gives 120%
and
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and g multiplied by 100°, gives goo®. - The fum
of thofe two produéts is 1020°, which being divided
by the fum of the pounds, viz. by 12, quotes 85°;
and fuch is the temperature of the mixture *.

Again, if 2 pounds of mercury at 40° be mixed
With 4 pounds of mercury at 60°, and 4 pounds

—

* Several circumi{tances, of which the following are the
Moft effential, muft be attended to in the performance of
thofe experiments.

1. The thermometers muft have fmall balls, and fhould
be [ fenfible as to indicate at leaft quarters of each degree §
d the quantities of the bodics concersied fhould be pretty
3tge, otherwife the dipping of the thermometer in the mix-
Yre introduces a third {ubftance, namely, the mercury of
Ehc thermometer, which will alter the refult confiderably.

Be refults however may be calculated by confidering the
,"“’T‘ﬂa and the thermometer, as two of the bodies concerned
o fo“'miﬂg the mixture.

2: The heat of the mixture is hardly ever uniform
thr”“ghotlt; therefore it will be proper to take the tem-
Perature of the bottom, of the middle, and of the upper part
“Fthe Mixture ; for a mean of thofe three will give the tem=
Perature o the whole mixture.

3- As the mixture is lofing heat gradually, and as it will

2 hs Y -
af hdrdly pPoflible to put the. thermometer in immediately
®r nial- - . 3 a
the g Waking the mixture 3 therefore, in order to afcertain
l: [ -
o femperature of the mixture, take its temperature at
ated times

C()nds 3

s 'Viz, after 15 feconds, and again after 30 fe-

; 4 then fay, as the fecond temperature is to the firft, {o
15 the firg &

. the real temperature at the time of making the
Mixtyre,

Yo, i, F more
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more of mercury at 5o, the temiperature of the
9% 40°+ 4 X 60" 4 % 50”)

2+ 4+4
The foundation of the fule is very evident; for
fince heat or caloric expands equably amongft ho-

mixture will be 52°. (viz.

mogeneous bodies that are in contatt; it follows
that the temperature of the mixture muft be a mean
of the feparate temperatures-of the parcels, and this
rule does only afcertain that mean ; for the fum of
all the degrees of heat is divided by the fum of the
weights of all the parcels. See page 231. vol. 11.
When bodies of different fort of matter are
placed in a higher temperature, or, in other words,
when heat is communicated -to bodies of different
nature; but of the fame weight and equally ex-
pofed, it has been found that fome of them abforb,
or combine with, a greater quantity of caloric thap
others ; hence the former are faid to have a greater
capacity for caloric than the latter ; and the propor-
tional quantity of caloric s/hich each body abforbs
is called the fpecific caloric of that body *. Fach
particular body, as far as has becn tried, has been
found to have a paiticular capacity for caloric:
Thus, ifa pound of mercury, and a pound of anothef
metal, be placed ina higher temperature, and it be

e 7L —

s For if a body A can ablorb, for inftance, 3 times#
much caloric as B ; it is evident that, ina natural ftate, A
contains 3 times as much caloric 25 B, when both appear @

the fame temperature.

fouﬂ&
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found thar the other metal abforbs twice as much
Caloric a5 the mercury; then the fpecific caloric of
that other metal is to the fpecific caloric of mer-
Cury, as two to one.

This prqportianal quantity of caloric, which one
b*-“i’ay abforbs more or lefs than another body, has
alfo been called Zatent heat ; but the exprelfion 18
€vidently improper; for though one body A has,
for nftance, twice as much caloric as another body
B of equal weight, yet A has a double capacity, or
has an affinity for caloric as ftrong again as B; in
Confequence of which the caloric is detained with
€Qual power ; nor can it be communicated from A
FO B ; in which cafe only it would act as heat, viz.
It would expand B, or if B be a living animal,
Would excite in it the fenfation of heat.

It is now neceflaty to thew by what means the
{pecific caloric of bodies is to be afcertained. - For
thig Purpofe,

Take two bodies of equal weights, and whefe capacia
Ties gpo permanent 5 for inftance, A and B, one of
Whick g leafl is a fluid ; let them acquire different teri=
Peratures, and afcertain thofe temperatures by the ther-
Momster. Then put the folid into the fluid, or mix the
@0 fluids together very expeditionfly, and immediately
'_gf ‘er place the thermometer in the mixture, and afcertain
HS temperaryre,  Now the  [pecific caloric of the body A
" %0 the Jpecific caloric of the body B, as ihe difference
‘::‘*":Z': the temperature of B. p?'evioflu 10 the ﬂ'rixzm'e,

ermperature of the mixture, is to the difference
F2 between
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betweeir the temperature of A previeus to the mixture

Of the Capacity of Bodies for Caloric, &Ee.

and the temperature of the mixiure {obferve the pre-
cantions of the note in page 65.) For inftance,
Temperatureof A - - 110° s
Temperature of the mixture 80 30:! tf“c d{crence-
Temperature of B - - 40° IEGPIE M Qo
Therefore the fpecific caloric’ of A is to the
{pecific calorie of B, as 40 to 30 ; oras 4 to 3.
If the fame two bodies be heated differently, the
refult will give precifely the {ame proportion of
differences, and of courfe the fame proportion of
{pecific calorics.  Thus,
Temperature of A - - 40° J
Temperature of the mixtare 70" 36: the a{ﬁ’crencc,,
Temperature of B - - 110° ip I diference.
Lt is evident that if the two bodies had had equal
degrees of affinity, or had had equal capacities for
caloric ; (both thofe expreflions meaning the un-
known caufe of the fame perceivable effe®t) the
temperature of: the mixture would have béen 75°,
viz. an arithmetical mean between the temperatures
of A and B {o that, in the firft example, A would
have loft 35° and B would have acquired 34° of
heat, But, fince the temperature of the mixture
was 807, it appears that the 70 deerees of heat,
which A had more than B, muft have been diftri-
‘buted o as to increafe the temperature of B by
4c°, and to leffen the temperature of A by 30%
Now, wlen a quantity of heat is communicated to 2
L body,

A

”»
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body, that portion of it, which is abforbed by the
body, does not raife its temperature, or is that pot-
tion which, added to the increment of temperature,
becomes equal to the original quantity of heat ; for
inftance, if 100 of heat be communicated to a body,
and the temperature of that body is thereby raifed
4% it is evident that {ix degrees of heat have been
ablorbed, &c. therefore, in the above-mentioned
cafe, the portion of caleric abforbed by B, muft
have amounted to 30°% fince its temperature was
raifed 40° and the quantity retained by A muft
have amounted to 40°, fince ‘its temperature was
lefiened 3ce.

The {ame reafoning, mutaris mutandis, ‘may be
applied to the fecond cafe, and in general to all fuch
like cafes.

By this means the fpecific caloric of various
fubftances have been determined with as much
Precifion as the difficulty of performing fuch ex-
Periments, efpecially with elaftic fluids, and the
ﬂu&Uat_ing quality of the articles, will admit of.

. Inthe following litt, the fpecific caloric of water
8 called one, or unity, and that of every other fub-
f’tan‘ce 18 exprefied in proportion to this unity;
fo" inltance, the fpecific caloric of {permaceti oil
5 9:500, viz. the half of that of water; §-tenths
be“’g the ‘half of a wunit; which means that a
QUantity of fpermaceti oil can abforb the half of
t_at QUantity of caloric which an equal quantity of
WAter can abforb in fimilar circumftances. Al

F3 the
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the fpecific caloric of the ruft of iron is 0,250, viz.
a quarter of that of water; which means that in
¢qual circumftances the ruft of iron will abforb £ of

that quantity which an equal weight of water can
abforb ; and fo of the reft *,

Table of the [pecific Caloric of different Bodies.

| Specilic Calorice

Hydrogan gas, € - - = = - -] 21,400
Oxygen air {C OO O DL 4749
K- - - - .- =1 8j000
e “

Atmofpherical air} 15799
I‘- K = = = = 183670

Carbonated ammonia, or mild volatile
alkali, K S et ) - 1,351
Aqueous vapourf,C - - - = - 1,550

% This table has been colleGed from the experiments of
the principal labourers in this field of curious inquiry, To
each article the initial of the name of the gentleman by
whom it was determined, is fubjoined, viz, C, for Craw-
ford; K, for Kirwan; and L, for Lavoilier and Laplace,
conjeintly.

t The fpecific caloric of water in the ftate of vapour is
fuppofed, by Mr. Piftet, to beabout 8 § times greater than
that of the fame water in a boiling ftate.  But the volyme
of the vapou} (he fuppoles) is about 18co times greater
than that of boiling water, There is therefore 212 tines

more caloric in any given volume of boiling water, than in
an equal volume of vapour. Phil, Mag. vol. VI, p. 244°
Other .perfons have reckoped it much higher, and’ others
lower. In fhort, the fpecific caloric of ftegm i not yet
known with fufficient certainty.

Sclution
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S pecific gravity.
Solution of brown fugar, K - - - 1,086
Carbonic -acid § P e M
I A b ;270
Arterial blood,C - - - - - - 1,030
e L 1,C00
Freth cow-milk, C - - - - = 0,999
Sulphuret of ammoniac, fpecific gra-
vity, 2,818, K - -~ - - =~ - ;994
Ice, or Congt:nled At R A el - 0,900
Venous blood, C - - r - = - 0;893
Solution of Epfom falt. or {ulphate of
magnefia, falt 1, water 2, K - - 0,844
Solutien of commen falt, or muriated
foda, falt I; water 8, K = = - = 0,832
Solution of fal ammoniac, or muriate
of ammeniac, filt 10, water 15, K - {0,798
Azotic gas,iC - - = = - lal e 0,794
Hide of an ox, with the hair on, C = - 0,787
Lungs of 2 fheep, C - - -~ = =~ 0,769
Solution of cream of tartar,  cream 10,
water 0373, K - - - - - - 0,765
Solution of pot-ath of the fpecific gra-
iy 1,326, K - - - <7- = 0,759
of the fpecific gravity
Sulphuric acid O R C_ 2,158
SE S-SR 4429
brown of the {pecific
I gravity 1,872, K { 0,429
v e:a“ of the beefof anox, C - - = 0,740
Selution of green vitriol, or fulphat of
iron, fal 10, water 25, K - - = 0,734

F 4 Solution




Solution of Glauber'falr, or {ulphat of
foda, falt io, water 29, K - -

Clive oil, K D L e o
-Ammoniac, or cauftic volatile alkali, K
e S

Red and fmoking, fpeci-
fic gravity 1,355, K -
Muriatic acid, fmoking, fpecific gra-
vity 1,122, K T R R
Solation of alum, falt 100, water 245, K
Solution of nitre, falt 1, water 8, K -

Nitric acidl

& - - g 4 L
ALEhe { of the {pec. gravity 0,783, K
LiBEBHOILTE - w e Al e
Rice, C T S bR

Horfe-beans, C -
Spermaceti oil{g o =

Oil of turpentine, K - - - .
ftrong -~ - -

Wine vinegar, K {diﬁiiled TETE

Ruft of iron { I({J

Pl O e i e i sy
Charcoaly G = S8 ST el e
Chll, € @ = = ve s = s

‘Walhed diaphoretic antimony {C

o
-Quick-lime {E \ Caala

- - =
£ - - -

Oxideof copper - o« = o -

Of the Capacity of Bodies for Caloric, &3¢,

Specific calotic,

0,728
0,710
0,708
0,661
0,844

0,§76

0,680
0,649
0,646
0,602
1,086
0,528
0,506
0,502
0,500
©:399
0,472

0,387
0,103

0,250
0,320
0,278
0,263
0,256
0,227
0,220
0;223
0,217
0,227
Baked
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Baked earth, K - - - - -
T2 i o e S e
Cinders of coals, C - =~ - -
Afhes of cinders, C - - - -
Plharple & = - - s
Ruft of iron, nearly freed from air, C -
Wathed diaphoretic antimony, nearly

freed from i C.o ~ . = - -
Afhes of the elm tree, C - - -
Oxide of zinc nearly freed from air, C

et P S =
Iron {K e T e R IC LR e

e =l AW 4 " ’
B WS o0y

Copper, C - - - %
Oxide of a mixture of lead and tin, K
White oxide of tin, nearly freed from

air, C P L T P
Zine, T

y = - - - - - =

Athes of charcoal, C - - - -
T e i e
in {K

Yellow oxide of lead, nearly freed from
A R e 1 0

Antimopy in the metallicor { C -
reguline ftate - { K.
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The capacities of bodies for caloric are pretty
permanent, as long as the bodies remain in the fame
ftate with refpeét to confiltency.

Almoft all bodies in nature have been found ca-
pable of exifting in three different ftates, viz. the
folid, the liquid, and the aériform, vaporous, or
elaftic ftate of fluidity. In each of thofe ftates the
capacity of the body for calorie, or its fpecific ca-
loric, is different from what it is in the other ftates.
It 1s leall in the folid and greateflt in the ftate of
elaftic Auid,

If more caloric be communicated to a folid body
than what its capacity will bear, and if chat t‘}:CJS
of caloric be equivalent to the capacity of that body
when in a liquid ftate; then that folid will be
liquifiegd by it. The fame thing mult be under-
ftood of the converfion of a liquid into the aériform
ftate

The reverfe of this propofitian is likewife true,
viz. if fo much caloric be abftracted from a liquid,
as to leave in it that quantity only which its capacity
when in a folid fate can hold ; then that hqm;l will

be rendered folid or congealed. - The following
example will illuftrate this theory.

Nhen a piece of ice, of a temperature lower
than 32°, is placed in a higher temperature, the
temperature of the ice is raifed as high as 329
and there it remains; for all the furplus of heat
is abforbed by that external quantity of ice which is
converted into liquid water. When a quantity of
water
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water is placed in 2 higher temperature, the tempera-
ture of the water is gradually raifed as high as 212%
(under a mean or more ufual preffure of the at-
mofphere) but it cannot be raifed higher, becaufe
all the furplus of heat is abforbed by that quantity
of water which is converted into fteam. On the
other ‘hand, when {team is converted into water,
caloric is feparated from it, and when water is
converted into ice, caloric is alfo feparated from
| g

It has been found, that when water at 172° is
mixed with an equal weight of water at 3203 the
temperature of the mixture is 102°, agreeably to

Wa+ 3
what has been faid ahove. But when a quantity of

[

water at r72‘ is mixed with an equal w?ight

% L -
of ice or fnow at 329, the temperature of the mix-
ture is 32°. Whence it is juftly inferred, that

water in a liquid ftate contains 140° (viz, 172°

*Tfa 2 quantity of water, with a thermometer in it, be
Placed in a cold or free zing mixture, the water often remains
fluid, when the thermometer fhews, thatits temperature is
3% et 28, or even lower. At laft it freezcs very quickly,
elpeci: ally on giving a little ftvoke or agitation to the veflel,
and at the fame time the thermometer Jﬂll‘ﬂedlﬂ.ttl‘y rifes to
32%, which feems to indicate that the water cannot eafily
Part with jts ealoric, even when placed ina Jower temperas
e The caufe of that impediment is not known.

minus
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minus 32°) of calotic more than when it exifts in 2
ftate of ice *.

In fhort, it appears that a certain quantity, of ca-
Joric is indifpenfably peceffury to keep a body in 2
ftate of vapour or elaftic fiuid, that a fmaller quan-
tity is indifpenfably neceflary to keep it in a liquid
itate, and that a quantity flill {maller of caloric exifis
in a folid and in any temperature, as low however as

i a certain limit, This limiy, or the point of total

: privation of caloric, has been deduced by calcula-

tion from the preceding refults, and upon a proba-

ble fuppolition.

Before we endeavour to explain the nature of
that limit, it will be neceffary to make a few ufeful
remarks with refpeét to the formation of the pre
ceding table of the fpecific caloric of bodies,

The rule for finding the fpecific caloric of bodies
(page 67.) dire&@s to mix bodies, whofe capagcities
are permanent during the operation ; the reafon of

» Owing to the difficulty of performing this experiment, -
| and particularly of afeertaining the firft temperature of the
mixture, the quantity, or the degrecs of caloric which Auid
water contains more than an equal quantity of ice, has been
flated differently by different authors. Dr. Crawford
reckons it 172°%  Dr. Leflie fays to have been found by
Dr. Black, equal to 147°.  Lavoifier reckons it 167°,
Profeilor Wilcke found it equal to 130°, Bergman found it
equal t0 129°%6, viz, almoft the fame as Wilcke. Tn fome
books I find it ftated at 162°, in others at 140°,

which
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which is, that whe bodies have their capacities al-
tered by a change of form, the temperature of the
mixi':_;rf_- muft way according to that unknown
C;\i.n_t of capacity, &c. Therefore the proportion
btmeen the fpecific caloric of water and of ice,
Cannot be determined by mixing equal quantities of
Water and pounded ice or fnow. But it may be
determined by employing a third fubftance, viz. by
determinis 12 in the firt place, the proportion be-
tween the {pecific caloric of that other fubftance and
ice, in a temperature lower than 329, and making
the fpecific caloric of the other fubftance 1. Se-
condly, by determining the proportion between the

fpecific caloric of that other fubftanece and water in

perature higher than 329, flill reckoning the
fpecific caloric of the other fubftance 1; and laftly,

b}’ comparing the ipecmc caloric of water with that
of ice*

‘When

—_——

Thus one pound of ice, at - - '32°
2 difference.

Temperature of the mixture - 30°
8 difference.

Dl?'\horct ¢ antimony, one pound, at 22°
his firf operation fhews, that the fpecific caloric of ice

Is t a
0 that of diaphoretic antimony, as 8 to2, or 4 to I.
4]

fo one pound of water, at - 1062%3
T 22,5 difference,
CMperag, e !
“iure of the mixture = =~ ¥40°
0 100 difference:
e p - i - :
Pound of diaphoretic antimony at 40° :
This
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When in fuch experiments a fluid fubftance can
be ufed with a folid, the operation is undoubtedly
preferable to the ufe of two folids ; yet in certain
cafes powders, or comminuted folids, give a to-
lerably ufeful refult.

Experiments of this nature with aérial fluids are
extremely difficult, principaily owing to the fmall
weight of thofe fluids, and to the difficulty of mix-
ing them with {ufficient expedition. The operation
likewife requires particular inftruments*.

T he total privation of caloric, or the loweft de-
gree to which a thermometer with Fahrenheit’s
fcale would defcend, if it were {ituated ina place to-
tally deftitute of caloric, has been deduced from the
above-mentioned proportion between the {pecific
caloric of water and that of ice, and from the
known quantity of caloric which water at 32° con-
tains more than ice at 32° The fame thing might
be deduced from the fpecific caloric of any other
fubftance in its two ftates of exiftence, &c.

For fince the quantity of caloric which water
contains more than ice, is 140°% and fince the ca-
pacity of water s to that of ice as 1G to g, it follows

"This fecond operation fhews, that the {pecific caloric of
diaphoretic antimony is to that of water as 22,5 to 100; oF
as I to 4,4444, &c. Thercfore the fpecific caloric of water

15 to that of ice as 4,444, &c. t0 45 or as 10 to g.

* See Dr. Crawford’s Experiments and Obfervations o
Animal Heat, the fecond edition.

that
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that 140° is the difference between all the caloric |
contained in ice, and all that which is contained in
Water, when both are at the temperature of 32°%
Alfo, that this quantity is one-tenth part of the
whole caloric which is contained in water when the
temperature of that fluid is' 32°.  Therefore the
whole quantity of caloric is 10 times 140 or
1400° *, viz. 1368° below ¢ of Fahrenheit’s fcale ;
fo that ina place totally deftitute of caloric, that
thermometer would defcend to —1368°, provided
the fluid of that infirument were capable of it .

T he fuppofition upon which this determination is
eftablifhed, is that the capacity of ice is permanent
at any temperature below 32° |

Meflieurs Lavoifier and Laplace contrived a dif-
ferent method of determining the fpecific caloric of
bodies. “According to their method, a body heated

* Let « reprefent the whole quantity of caloric contained
in the water; then wehave 10 : 9 & & x 2 09x. By divifion
B—g (1) :g:r@—00gx (0Ix)t 09x:: 140:

1260

©:9 5. Therefore, g x 140 =1 X C,9 x; and » = —
o 22

= 1400.

t If the quantity of caloric which water at 32° contains
More than ice at 32°, be reckoned, not 140° but, according
to Bergman, 12¢%6, then the loweft degree of the thermo-
Meter, or the total privation of caloric, would bring the
Hemometer down to (1296° — 32°=) — 1264°, A fuit-

able altara.: . :
"% alteration muft be made according to other eftimates.
8e

© the note in page 76.
to
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to a certain dégree is placed contiguous to a quan-
tity of ice, and its fpecific caloric is determined by
the quantity of ice which that body is capable of
meliing. Thus, if of two bodies; A and B, of
equal weight and equally heated, placed fucce fiively:
in a certain quantity of ice, A be found to have
melted three times as much ice as B, then the fpe-
cific caloric of A will be to the fpecific caloric of B,
asjtor.

For this purpofe the above-mentioned gentlemen
contrived an apparatus, which they called the cals-
rimetery and of which, fig. 11. Plate XVIIL ex-
hibits a fection. It confifts of a veflel ftanding on
three legs, of which two are feen in the figure, and
having three divifions, viz. an interior one NidaR
which is formed of iren wire, a middle divifion 4444,
and an external one a#aa. The body fubje&ed to
experiment is placed within the wire divifion L
and this divilion is covered with a particular cover
HG. Tkhe other two divifions and the cover HG
are filled with ice, and a large cover alfo filled with
ice goes over the whole inftrument, its edge being
firted to the external grove of the inftrument. The
ice of the external divifion ferves to protect the ice
of the middle divifion from the heat of the at-

‘mofphere ; hence the ice of the middle divifon can

only be melted by the heat of the body, which s
placed in-the wire divifion. The water of the ice
thus melted, paffes through the grate mm, and
through a ftrainer placed a little below ; then comes

out
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out of the tube 'd'x, and is received in a veffel placed
under ir. - This is the quantity of water which indi-
Cates the fpecific caloric of the body under trial.
The tube T, with the ftop-cock 7, ferves to drain
the water from the ice in the external divifion *.

If it be required to determine the fpecific caloric
fa folid body, its temperature muft be raifed ; for
Xample, to 212°; it muft then be placed into the
Calorimeter, and fuffered to remain there till its
mperature be reduced to 32° Then by weighing
the water which has flowed out of the tube dx, the
Quantity of ice diffolved during the cooling may be
C%etcrmincd. According to Lavoifier’s determina-
fion, one pound of water at 167°, will diffolve a
pound of ice; therefore, to determine the {pecific
Caloric of the body, the quantity of ice diffolve
Wuft be divided by the product of the weight of the
bO_dY (exprefied in pounds and decimals) multi-
Plied by the number of degrees above 32° to which
that body

i has been raifed previous to the expe-
Niment,

The quotient indicates the quantity of
ice ?"hich a pound of that body can diffolve in
:;:h“f_% ,I°; If’ this quotient be m.u]‘}pli?d by 1 i

Product will fhew the quantity of ice which a
Poung of that body heated to 169° «an difiblve in

Copl; : k- ; .
- "gdown to 30°. This will be the value of its
Pecific ‘Caloric,

x F\(
oF . . ° e .
3 more particular defcription of this apparatus, fee

lements of Chemiftry, Part III, Chap. 111.
¢ Otherwife,

avo] ﬁ@l”s E

VoL, .
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Otherwife, having the original temperature of
the body, and the quantity: of ice melted by the
fame, fay, as that temperature is to that quantity of
ice, fo is 167°, to a fourth proportional, viz. to the
quantity of ice which would have been melted if the
original ternperature of the body had been 167°
Laftly, the above-mentioned fourth proportional
muft be divided by the weight of the body (ex-
prefled in pounds and decimals) and the quotient
will exprefs how much ice one pound of that body
can diffolve, ‘This is the value of its fpecific ca-
loric.

¢ 1 the body be a fluid, it muft be put into
{ome veflel, the fpecific caloric of which has been
previoully determined, T he procefs is the {ame 28
that defcribed in the preceding two paragraphs; but
care muft be taken to deduét from the quantity of
ice diffolved, that which arifes from the cooling of
the veflel.

« If the quantity of caloric which difengages it~
felf from the combination of feveral fubftances be
required, they muit be all reduced to the temperd
ture of 32°, they.are then to be mixed together i
the interior part of the calprimeter, and to be eft
there till they return to the term 32°.  The quantity
of ice diffolved will indicate the quantity of calori®
difengaged during the combination.

¢ When bodies in a ftate of combuftion, or livin
animals, are fubjected to trial, the operation is the
fame ; except that frefh air muft be introduced it
the
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the calorimeter ; that this air, when it arrives, fhall
be at the temperature of 32”3 and that it be at the
fame when it iffues from it, in order to aveid error
in the refult: for this purpofe; when it enters and
ifiues from the veflel, it mufl be made to-pafs through
thbes furrounded with pounded ice.” ,

By mieans of the calorimeter, Meflieurs Lavoifier
and Laplace determined the {pecific caloric of fe-
veral {ubftances, of which mention has been made
in the table of page 70, and to which the following
three curious refults will be added *.

The combuftion of one pound of phofphorus re-

quires 1£ pound, or 27648 cubic inches, of oxygen
gas, and forms 2 2 pounds of concrete phofphoric
s 2cid.  The caloric difengaged in this combuftion
and furnifhed by the oxygen gas, caufes 100 pounds
of ice to diffolve, and confequently excites 13532° of
heat. Hence it refults that one cubic foot of oxygen
Ar can furnifh caloric enough to excite above 876°
af heat, and of difflving 6,25 pounds of ice.
_ The combuftion of one pound, or 24908 © cubic
Inches’ of hydrogen gas, requires 104448 cubic
Wches of oxygen air, diffolves 293,6 pounds of ice,
2d forms 61440 grains of water ; which fhews that
OMme caloric remains in the water; for otherwife
that Quantity of oxygen air would mele more ice.

'rhecoﬂﬂnﬁﬁonofonepoundofchmtoﬂrequhcd
%7396 cubic inches of oxygen air, diffolved.g6 %

® .
Lavoifiers Chemiftry, Part IH. Chap. III.

@2 pounds
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pounds of ice, and formed 47358 cubic inches of
carbonic acid gas, which weighed 32914 grains:
This alfo fhews that a confiderable quantity of ca=
loric enters into combination with, or is employed
to form, the carbonic acid gas.

I fhall juft obferve, with refpect to the calorime-
ter, that notwithftanding its great utility, yet both
its conftruétion and its ufe are net free from ob-

jections.

In conclufion it feems; as all the faéts tend to
prove, that caloric is a real fubftance, perhaps the
only real fluid and the general folvent of all other
boedies ; for any other body, as far as we are able to
try, becomes a fluid by combining with a fufficient
quantity of caloric.

It enters into combination or mixes with the par-
ticles of all bodies, and produces the effe@s which
other combinations are went to produce, viz. it en-
larges their bulk; is expelled by compreflion ; it fe-
parates other fubftances which have lefs affinity than
caloric for a given body, and diminithes their attrac-
tion of aggregation ; it mixes in greater quantities
with fome bodies than with others; and it pafies
through fome bodies eafier than through others.
When caloric is expelled from a chemical combina-
tion, the bulk of the mixture is lefs than that of the
fum of the ingredients; and, on the contrary, when
the compound is greater in bulk than the fum of the
ingredients, cold is produced, viz. caloric is abforb-
ed, and of courfe is feparated from the contiguous
bodiese
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bodies. Al this fhews that caloric has bulk like
-Dther Mmatter,

+ The heacing, or the addition of heat to a body,
has not been found to increafe its weight®*. Then
if caloric be matter, it will naturally be afked, why
does it not poffels weight or gravity like other
Matter 2 In anfwer to this queftion, Mr. Tillock
"genioufly obferves, that the {pecific gravity of bo-
dies is diminithed by heating, viz. by the communi-
Cation of caloric, fince they are increafed in bulk 3
And that the'addition of heat to a body in air pro-
duces the fame effe@ that a piece of cork would do
if it were annexed to a piece of gold in water, viz.
leflen its gravity, becaufe cork, though poffeffed of
gravity, is lighter than water ; and caloric may
likewife be poffefled of gravity, though it be lighter
tan air, He imagines that if the experiment were
Performed in vacuo, the increafe of abfolute weight

¥ the addition of heat to a given body, might be
Pereeiveq 3

—

¥ See Count Rumford’s Paper on the weight afcribed to
A% in the Philofophical Tranfaétions for 1799,

¥ Philofophical Magazine, N° XXXIV.

I
ue




CHAPTER JIW

OF THE PRODUCTION, COMMUNICATION, AND
APPLICATION OF HEAT AND COLD.

HAVING treated fufficiently of the theory of
heat in the preceding chapiers, it is now ne«
ceflairy to examine the fubjeét in a manner mor®
popular and more generally ufeful.

Heat and cold are relative terms, The {amé
temperature is cold with refpect to a higher tem
perature, and hot with refpeét to a lower tempers”
ture. -~ But in common language the more ufual, o
the mean temperature of the country, is confidered
as the limit of heat and cold ; below that limic W€
ufually call it cold;  above that limic we call i
hot.

The mean temperature of the fame country 15
fubjeét to a very trifling variation from year ¥
year ; but the mean temperature of different cout”
tries differs confiderably; nor is that difference pr0”
portional merely to the latitude of the country. I
depends alfo wpon the fituation of the land or the
water, upon the vicinity of large continents, high
mountains, or woods, or extenfive feas, &c. ol

¥
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All the heat we experience in the world is derived
from three fources, viz. ift, from the fun; 2dly,
from compreffion, under which denomination we
comprife collifion and friction ; and 3dly, from the
decompofition and compofition of bodies, which
comprehends combuftions, fermentations, &c.

I. The direé rays of the fun’on the fame fpot of
the furface of thé earth are more or lefs hot accord-
Ing to the time of the year, clearnels of the at-
mofphere, ftate of the wind, and the color, together
with the quality of the {pot.  On this ifland, and in
the hotteft time of the fimmer, the direct rays of
the fun feldom raife the thermometer fo high as
110%  In other climates, efpecially within the tro-
pics, they raife the thermomefer confiderably higher,
viz. 20, or 30, or, as it is faid, even 40 degrees
higher than 110, But we muft not believe the idle
Pfories of their melting lead, or even of their fetting
fire to ounpowder.

It is not on accourit of the fun’s being nearer or
farther from us, that we receive much more heat at
one time of the year than at ancther ; for the dif-
ference of its diftance is too fmall fo produce any
fenfible cffedt: but we receive more heat in fum-
Mer than in'winter, 1ft, becaufe the fun is nearer
'O our vertex, or to the zenith, and its rays pafs a

OFter way through the atmolphere, and are of
“Ourfe intercepted by it lefs than in winter. See

St 12, Plate X VIII. where AB reprefents the fur-
4%¢ of'the earth, FGH the atmofphere, D and E

G 4 two
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two. fituations of the fun, and C a particular fpot-on
the furface of the earth, It is evident that HC is
greater than GC, viz, that the rays of the fun pals
through a fmaller part of the atmofphere, when the
fun is at D than when it is at E.- This alfo_{hews
why the rays of the fun are, upon the whole, hotter
at about noon than when the fun is juft rifen or near
fetting : 2dly, we receive more heat when the {fun
is higher, becaufe then a greater quantity of its rays
fall upon any given portion of. the futface of the
earth, than when the fun is lower and its rays comg
in 2 more oblique direétion: and 3dly, becaufe in
the fummer the fun remains longer above the ho-
rizon than in winter, and .of courfe the furface of
the earth is expoled longer to its rays.

. It might at firlt ight be expeed, that in -general
‘abe hotteft time of the day would be at noon, viz.
when the fun.is higheft; and. that the hotteft time
of the year would be when the fun is at the fummer
i folitice.  But this is not the cafe; for the hottelt
: part of the day, when no accidental circumitance
intervienes, is always fome time in the afternoon, and
nearer to the noon in winter than in fummer, In
4 the laft-mentioned feafon, in this climate, the hot-
teft ume of the day (I mean not of the dire® rays
of the {un, but of theair in the thade) is at about
2 o'clock, or rather a little before. The. hogteft
I time of the year in this country generally is in July,
‘ viz. afier the folftice, The reafon of this is, that
though the rays of the fun give more heag when the
fun
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is higher, and of tourle at 2.0’clock they muft
8V lefs heat than at ncon ; yet the earth, and the

fun

3ir contiguous to it, are hotter at two, becaufe they
'etain a confiderable portion of the heat acquired
before that time ; f that as long as they acquire at
0y particular time a greater quantity- of heat than
they lofe of what they had previoully acquired,
their temperature muft continue to increafe. The
fame t'ning, mutatis mutandis,; mult be uvnderftood
with refpect to the communication of cold, or pri-
Yation of heat.

The earth acquires heat in the day-time, and
lofes ‘it during the night., In fummer the lofs of
heat during the night is lefs than the acquifition of
it during the day; therefore that excefs of heat is
gradually comimnunicated from the furface to the
more internal parts of the earth, In winter the lofs
of heat during the night is greater than the acquifi-
Fon of it during-the day ; therefore cold is gradually
fommunicated from the furface to the more internal
PArts of the earth, But when the above-mentioned
fummer hear has penetrated a certain way, the
Winter cold begins to counteract it ; and when the
€old has penctrated a certain way, the next fummer
€2t beging again to counteract it; fo that below

that cerain depth, there is no alteration of tem-
Peratu]-e ar

- any time of the year; unlefs you come
ke vicin

ity of fome volcano, or near any par-
bination of fermenting minerals ; which -
JOts . -~

055 howwever, in proportion to the reft of the outer
part

t]‘:l.llar Com
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part of the earth, are exceedingly few, and very
limited in their influence.

This is the reafon why in deep pits, and even
within 5o or 60 feet of the furface of the earth, the
thermometer makes little or no variation through-
out the year, Thofe pits feem to us warm in
winter and ‘cool in fummer ; for as they remain al
ways at the {ame temperature, that temperature is
in fact warmer than that of the external ait in winter,
and eooler in fumer. This likewife theiws why
the waters of deep wells feem cool if firmmeér and
warma- in winter. Indeed fo nearly uniform is their
temperature, that we may from them afeertain the
mean temperature of a counwy; viz. draw a pg_i]_
of water out of a deep well (for inflance, of ibgve
5o feet) efpecially ‘a well that -does ror conrain
much water, and immediately place the thermormie-
ter'init ; the degree to which thar thetmometer is
raifed, “is' the mean temperature of thae country
wherein the experiment is performed, or it differs
very little from it *,

In'the eave of the Obfervatory atc Paris, about
go fect below the furface of the oround, the ther-
moraeter ffands at §5<F, its variations not amount-

s

ing to one degree. The mean of the greateft colds

* See the Philofophical Tranfaltions, vol, 78, p. 110,

+ Dr. Martine fays §3°. Sec his Effays, Medical and
Philofophical, p. 314, '
ané



Of ihe Produfiion, S, of Heat and Cold. gz

and the greatelt heats obferved. at, Paris during 56
years, is g4°,5%.

In London the mean temperature is 5o°1 But
in procefs of time-the mean temperature of a coun-
try is liable to changes, owing to cultivation and
to a varicty of other caufes. See Mann’s Papers,
Phil. Mag. vol. IV. and V.

The following general axioms have been form-
ed by L. Cotte, refpecting the thermometer, from
an examination of various meteorological obfer-
vations made during 30 years §.

« The thermometer riles to its extreme height

oftener in the temperate zones; than in the torrid
Zone,

* Mem. de | Acad. des Sciences, 1765, p. 202,

T It appears from the Journal of the Royal Society, which
flates two odfervations of the thermometer for every day
thl'ﬂug;hout the year, that the general mean is 50°%5; the
Mean for each {ingle year being fometimes as low as about
48% and at other times as high as about §2°  Bug, as it
appears from the regifter of Six’s thermometer, which has
of late years been inferted in the Journal of the Royal So-
ciety, the mean between the greateft colds of the night, and
the greateft heats of the day, is 46,97 5 and from the obfer-
Vations made in Marlborough-ftreet, by the lateLord Charles
Ca"ﬁ'ndifh, the mean between the greateft heats of the day,
and the greateft colds of the night, is 49° %96,

See the Philofophical Tranfattions for 1788, Art. V.
and i, ali

o (o Kirwan on the temperature of different lati-
tlces,

§ Gren's Journal de Phyf, vol. IIL, p. 5. «T
v e
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¢ It changes very little between the tropics; its
variations, like thofe of the barometer, are greater
the more one proceeds from the equator towards
the poles.

¢ It rifes higher on the plains than on moun-
tains.

¥ Tt does not fall fo much in the neighbourhood
of the {ea as in inland parts.

¢ The wind has no influence on its motions.

 Moifture has a peculiar influence on it, if fol-
lowed by a wind, which diffipates it.

“ The greatelt heat, and the greareft cold, take
place about fix weeks after the northern or fouthern
folftice.

« The thermometer changes more in fummer
than in winter.

« The coldeft period of the day is before fun-
rife. : ‘

* The grestefl heat in the {un and the thade fel.
dom takes place on the fame day,

¢ The heat decreafes with far more rapidity from
September and Oé&ober, than it is increafed from
July to September.

¢ Ir is pot true, that a very cold winter is the
prognoftic of a very hot fummer.’

The fituation of the thermometer, for afcertain-
ing the temperature of the ambient air at differene
times, is not a matter of indifference. That it
fhould be placed out of the houfe, at a little diftance
from the wall of the houfe, and where no ftream of
hot
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hot air from kitchens, &c. may affe@ it, is clear
and obvious ; but there have been obferved certain
Peculiarities of local heat; which often render the
mdications of a fingle thermomieter, doubtful or
€quivocal ; hence the fureft method weuld be to
employ two or three thermometers fitvated at difs
ferent heights from the furface of the earth, and
to take a mean of their contemporaneous indica-
tions;

In fhort, it has been obferved that thermometers,
fituated at different altitudes, are differently affe@ed;
and, what is more remarkable, that in the night
tme, efpecially when the air is ftill, and the iky
perfectly free from clouds, the thermometer, clofe
to the furface of the earth, indicates greater de-
gree of cold than at a higher fituation. A confi-
derable number of obfervations have been made
with refpedt to this peculiarity of temperatures; bug
they do not as yet enable us to form any general
laws. 1t can only be faid, that this difference of
Partia] temperatures, which does  not amount to
Many degrees, may be owing to evaporation ; and
Perhaps, a5 Mr. Six conjectures, to the coolnefs
Which ‘the- dews or vapours may acquire in their
dt‘fcgnt *
R T
“ See M;, Wilfon’s Paper in the Philofophical Tranf-

Altiops . 3

"5 for 1780, and Mr. Six’s curious papers on Local
e s L e g7 3 ;
: 38’ ‘0 the Philofophical Tranfactions for 1784 and
(90,

This
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This however muft-be underftood of no great
altitudes ; for on great elevations, fuch as moun-
tains, the difference of temperature is very remark-
able; fuch indeed, that in -every climate, even in
the torrid zone, there are mountains which, beyond
a certain altitude, are covered with everlafting ice;
owing to their being fo far from the body of the
carth,- as not to participate of the general ftock of
heat which the whole body of the earth receives
from the fun. Another concurring caufe is, that
mountains are greatly expofed to winds, efpecially
to thofe which rife from the plains below, and
which muft occalion a confiderable refrigeration, in
confequence, as Dr. Darwin juftly obferves, of the
expanfion of the afcending air *.

The line of congelation, beyond which no flyid
water 1s to be found, is more cor lefs diftant from
the plane furface of the earth, according to the dif-
ference of latitude.

It appears from the obfervations of Mr. Bougner
and others, that in the middle of the torrid zone the
line of congelation lies at about the height of 15600
feet ; and near the tropics, or the entrance to t‘nC_
temperate zones, it lies at the height of about
13428 feet.  On the ifland of Tenenffe, in lat. 28°
north, the line of congelation is at the altitude of

about 10000 feet. It is about 6740 feet high it
Auvergne, lat. 45° north. It feems to be about

i >

* Philofophical Tranf:&ions for 1788, Art. IV,
580
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§800 in latirudes between 51 and §4° morth. In
lat. 8o north, lord Mulgrave found the line of
Congelation at the altitude of about 1200 feet above
the level of the fea ; whenee, as General Roy ob-
ferves, we may conclude, that the furfzce of the
€arth at the PBole itfelf; is for ever covered with
fnow,

Before we conclude the account of the prineipal
fource of heat; viz. the folar hear, it may be ne-
ceffary juft to mention, that po. (enfible heat is
lnown to be derived from any other ecleftial body.
“Fhe moon indeed, on account of the great light it
reflects on the earth, might be expetted to com-
municate fome degree of heat; but though that
lig ght, concentrated by a large concave mirror, has
been thrown upon the moft fenfible thermometers,
yet [ am not certain that it ever affeted:them. A
great many calculations have been made concerning
the proportion between the light which we receive
diretly from the fun, and thar which is refleted to
Us from the moon ; from which it appears that the
latter is feveral hundred times lefs denfe than the
former ;' and the heat of both is fuppofed to be in
the fame proportign.

IL Compreflion, or collifion (which is a fudden

g
Omprcﬁbn) 1s the fecond,

and the more generally
uled

fource of heat, and the communication of

the
heat thys produced to combulftible matters,
Produce. }

1at decompofition: which is commenly
€alled 7,

Wcoﬁ
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Wood rubbed againft weod; or againft any hard
body ;' metal rubbed againft metal, or againft any
other body ; in fhort, folid bodies rubbed or knocka
ed againft each other, are thereby heated, often fo
far as to become red-hot,

By this means heat may be produced where there
is no oxygen air whatever, fo that in thofe cafes it
cannot be derived from the decompofition of that
air. This has made feveral perfons fuipeé: that
heat 1s not the effect of a peculiar fubftance called
caloric, but that it is only a peculiar movement of
the particles of bodies. It muft however be confi-
dered, that there is no friction which does not pro-
duce compreflion, viz. a contrafion of the bulk of
the bodies concerned, at leaft for a time*; and
therefore that the caloric is forced out of the bodies
themfelves, and being communicated to the fur-
rounding bodies, produces the ulual figns of heat.

What very much corroborates this affertion is,
that fubftances which are not comprefiible, are not
heated by mechanical forces thus a flint will only
be broken, but a piece of foft metal will be heated,
b}’ the ftrokes of a hammer. Thus alfo you may
place any weight upon a quantity of water, without -
altering its temperature, becaufe the compreflibility

* W aods and other foft fubftances are vifibly contracted
by friction. Metallic bodies are alfo contradted by rubbings
rolling, or hammering ; for their [pecific gravitics are there=
by increafed.

of
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of water is almoft nothing ; but if you place an ad-

-~ ditiona] weight upon a quantity of  air, the bulk of
that air will be contracted, and its temperature will
be raifed.

By about 15 or 20 fmart and quick ftrokes of
2 hammer on the end of an iron rod of abouta
Juarter of an inch in diameter, placed upon an
awil, an expert black{mith will render that end of
the rod vifibly red hot.. But the preduion of
Vivid red fparks from the ftriking of a piece of fteel
againft the édge of a flint,*is a phenumtnon not lefs
curious. T hofe {parks, if ler fall upon a fheet of
Paper, will be found to be particles of the fteel
partly oxygenated. They are fcraped off by the
flint, and of courfe comprefled fo as to be heat-
ed, &¢c.

IT1. The third deve elopement of heat arifes from
Wixture, from compofition and from decompofition
of bodjes,

Acids on being mixed with water, -fpirit of
Wine gp being mixed with water, and a great
Vatiety of other bodies, on being mixed; become
More or lefs hot. It is not every mixture that be-
£omes hot; but it has been remarked, that when-
¥Er 2 mixture of two or more bodies is attended
With heat, the bulk of that mixture is lefs than the
C:r]r;;i the bulks of the feparate ingredients; viz. a

“flion or concentration takes place, which'
ACCOmpanie with a deve lol‘e'ncnt of caloric..
u”&‘meS, whether animal or vegetable, under

Vv = 5
QL. Iny. H fermentation,




g8  Of the Prodution, €e. of Heat and Gold.

fermentation, viz, decompofing fubftances, are al-
ways attended with heat. That fort of decompofi-
tion of combuftible fubflances, or of oxygen air,
which produces a rednefs, &c. is commonly called
fire ; and is gradually propagated from one part to
another by its own action.  Thus, when the above-
mentioned ignited particles of fteel are received
upon a fubftance of cafy decompofition, fuch a#
tinder, the touching parts of the tinder are heated
and decomipofed by that heat, their component par-
ticles then, attradting the oxygen of the air, difen-
gage the caloric of that fluid, and this caloric heats
and decompofes the contiguous particles of the
tinder, which alfo decompofe more air; and thus
the combuftion proceeds and continues as long as
there are combuftible fubftances and oxygen air
ready for decompofition.

It is evident that the contadt of a fubftance ac-
tually burning is not ablolutely neceffary for com-
municating the combuftion to other combuftible
bodies ; it being only neceffary to heat thofe com-
buftible bodies to a certain degree; and heat is
communicable without the actual contac of the ig-
nited body.

Sometimes combuflion is communicated from 4
burning body to another, which is not fo near as €0
be heated fufficiently by it.. Thus, wlen a talloWw
candle juft blown out is fituated within a certain
diftance of the fame of another lighted candle, and
in fuch a diretion as that the ftream of finoke oF

vai)(_ﬂ.lf
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vapour, which procceds from the former, may pafs
through the Aame of the latter; it frequently hap-
pPens that the former is thereby lighted. But it
muft be obferved, that in this and other fimilar
€afes, the ftream of {moke and vapour is a real train
of combuftible matter, which is inflamed, and burns
progreflively from the flame of the lighted candle
to the wick of the other.

A variety of ctconomical regulations, the efta-
blifhed cuftoms of the greateft part of the human
{pecies, the operations of different arts, the com-
forts and even the a&tual exiftence of human life,
require an artificial fupply of heat; and the greateft
part- of that heat can only be obtained from the
burning of combuftible bodiess

The combuftibles, or the fuel for common fires,
are either wood or pit-coals; for all the other com-
buftible fubftances are neither plentiful, nor can they
be advantageoully ufed. Wood for burning is be-
Come rather {carce almoft all aver Europe ; coalsare
00t to be found in every country, and even where
found their mines muft be exhaufted in time.
Thefe confiderations {uggeft the propriety of ufing
With care and ceconomy thofe twe fpecies of fuel.

¥ Proper management a great deal of wafte may

¢ Prevented, without diminithing the advantages
Which are derived from the ufe of fires.

' ._I“ the conftruftion of fire-places, and in the ap-
Plication of their heat, fome general rules may be
OF ufe tg the intelligent reader.

H2 1. The
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fee Count Rumford’s Eifays.
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1. “The matenals for the conftrudtion of Gre-
places ought to be bad conductors of heat, viz.
earthen ware or ftone, rather than metal; but
where metal cannot be avoided, then the metallie
parts ought to be furrounded by bricks or other bad
conductors of heat, excepting where the heat may
be required to be tran{mitted.

2. The draught of air neceflary for the com-
buftion ought to be juft fufficienr, and ner too
much. The ftream of it muft be conveyed in fuch
a direftion as not to interfere with the vefiels, or
people, &c. that are to be heated by the fire.—It
has been found that in a furnace where firong heat
is required to be produced, and where bellows are
ufed, a large quantity of air thrown in wich little
velocity, is more ufeful than a fmaller quanticy
which is thrown in with greater velocity,

3. When heat is to be conveyed through tubes,
paffages, &c. care muft be had to furround thofe
tubes with bad conduétors of heat.

4. In the conftruttion of fire places, furnaces,
ovens, &c. and in the mapagement of heat, it muft
be likewife remarked, that heat pafies through cer-
tain bodies, is refleéted by others, and is refradted
(viz. its coutfe is bent) in paffing through others *.
Thofe properties will be briefly explained in the

fequel.

# Tor the particular conftruction of Kitchen fire-placesy

Of

g
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Of the folids the mesallic fubftances are the beft
Conductors of heat, next to them are fome compadt
ftones. The other earthy bodies conduct lefs and
lefs, in proportion as they are lefs compatt in their
texture, and more mixed with water or oleaginous
fubftances, Coals, and other combuftible minerals,
are very bad conductors of heat.  Wood, and other
Vegetable parts, and fuch bodies as are formed of
them, viz. paper, ropes, &c. are fo bad condutors
of heat, that you may fafely hold a picee of any of
them that is actually burning within lefs than an
ineh diftance from your fingers, Charcoal and char-
coal dull, are very good non-condutors of heat,
and on that account very fic to be placed round
tubes, partions, &e. wherein heat is to be re-
tained,
Fluids feem to be exceedingly bad condutors, if
Dot perfect non-conductors, of heat. In fhort,
heat feems to be propagated through fluids merely
in cop nfequence of the internal motion of their par-
ticles.. Whatever permits or promotes that motion,
Contributes to the propaga tion of heat; — whatever
Obftrudts that motion, retards the propagation of
S8t through fluids. The particles of air which
€0me in contadt with an heated body, beng thereby
ated and rarefied, become . fpecifically lighter
than the furreunding 2ir, and of courfe afcend ;
ther air then comes in contad with the! heated

OdY’ and this alfo is heated and cauled to afcend,
Gy

)

Thus is heat conveyed from the original hot
H ‘3 de:J,




102 Of the Produttion, &Se. of Heat and Cold.

body, by the air, to a diftance from it; but if that
motion of the air be obftructed, as by the interpofi-
tion of partitions, of papers, wool, cotton, furs,
and the like ; then that communication of heat is
thereby prevented more or lefs, in proportion to
the obftruction to the motion. It is principally on
this account that furs, feathers, eider down, cotton,
and the like, form warm coverings, viz. becaufe,
by preventing in a great meafure the motion of the
air between their filaments, prevent at the fame
time the diffipation of heat.

The like obfervations are applicable to water,
and perhaps to all other fluids. "When a veffel full
of water is placed upon the fire, the particles of
water that are clofe to the bottom of the veflel are
firft heated and rarified, viz. become [pecifically
lighter ; hence they afcend, and other colder parti-
cles take their place; thefe are heated next, and
likewife rife, &c. This is the caufe of the inteftine
motion of water whilft heating, If the fire be ap-
plied to the upper part of the water, the lower water
will not thereby be heated ; for heated and rarefied
water will not defcend. ]

Count Rumford confined a piece of ice at the
bottom of a pretty tall glafs veffel full of water near
the boiling point, and noted the time it required to
mele the ice. He then repeated the experiment,
with this difference, viz. that a fimilar piece of icé
was placed on the furface of the hot water. It was
found that the ice melted mote than eight times

flower

’




Of the Produion, &c. of Heat and Cold, 103

flower when boiling hot water. ftood on its furface,
than when the ice was {uffered to fwim on the fur-
face of the hot water. ‘This very remarkable phe~
Nomenon is eafily explained on the already men-
tioned property of fluids; viz. when the ice is
fwimming on the furface of the hot water, the par-
ticles of the latter that are contiguous to the former
being cooled, defcend, and other hot particles of
Water take their place, which give to the ice part of
their heat and defcend, and fo on ; but when the
ice is at the bottom, the particles of water that
firft come in contaét with it, are cooled, and are ren-
dered fpecifically heavier, in confequence of which
they remain in their place, and no motion will take
place within the water *

‘AB, fig. 13. Plate XVIIL. reprefents a glafs
veflel, Jike a thermometer veflel, but larger, and
OPen at top ; the diameter of the cavity of the tube
b““” about a quarter of an inch. Fill fuch a veffel
'Mth water till within about an inch of the top, and
MIX with the water fome powders that may have
their fpecific gravity nearly equal to that of water,
0 a5 to remain fufpended in it (powder of tranfpa-
Tent yellow amber anfwers very well); for the motion
of the water will be rendered manifeft by the motion
of the particles of the powder. IfthebulbB begently

%ated, 4 cyrrent of warm water will be feen to rife
ey A

. ‘
Count Rumford’s 7th Effay.

W4 along
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along one fide of the tube, and another current of
colder water will be feen to defcend along the other

fide of the tube.

Whatever obftruds the free motion of the pat-
ticles of the fluid, daes alfo obftrut the propaga=
tion of heat through it. Thus, water thickened by
a misture of flarch and other fubftances, or. im-

peded in its m(;tisn l: wool, - cotton, eider
down, &c. cannot be

wed nearly fo fooh as clear
water. Hence ‘it appears why apples and fome

other fruit are difficulily lieated or cooled ; namely,

becaufe they confift almolt entirely of minute ve-
ficles full of liquor, co uum.u] the hqu cannot

move from one part of the fruit ta the athe

An emanation of heat proceeds from an hcated
body, when placed in a colder temperature, and
expanus itfelf in every dire€tion, provided it be not
evented by -the interpofition

f particular fob-

]

ftances. = Sgparate parcels of that emanation are
alled 14 5 gf beat ; not becaufe that emanation

(as faras we know) confifts of feparate. fireams ;

“but merely for the conveniency of explanation,

The rays of heat are not the fame thing as the
rays of light; for if they were the fame thing, then
rtain quantity of heat ought to be cmf-‘ant’*y

W

L

accompapied with the fame quantity of light

b

1

whereas we find that {everal fubftances give out 2
good deal of light without any fenﬁblu heat, and
others give ont a confiderable degree of heat without
any Light.  But a very ftrong confirmation of their

' being
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being two feparate powers of nature, is afforded by
Dr. Herfchel’s late difcoveries, the principal of
Which wilt be mentioned in the fequel.

The rays of hea: which come either from the fun,
O from any other hot body, proceed in {traight
the body, as leng as they do not
Meet with any oppofition, viz. any body that hinders
thejp progrels. When they do meet with any

iy, then, according to the quality and figure of

thay body, they are either nﬁ "*fd., viz. turned

are abforbed, or they are tranf~

=
5
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-
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o
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-
Q
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v. In general, thofe three

fame time, viz. the rays of

]]Qat are partly refle Pﬁ, partly abforbed, and partly
tranfmitted, by the fame body; but every body
Produces fome one of thofe effects fironger ‘than
the gehers.

The fame obfervations may be made with re-
‘wa:t to light, viz. the rays of light do allo proceed
“’f ftraight lines from the luminous body in every
d‘r’ﬁ&ion, as long as they do not meet with any
E’Ody which either reflects, or ablorbs, or tran{imits
“iem, . But not all the effe@ts produced by a given

%y wpon the rays of light, are the fame as thofe
?’rhmh are pmuucm by the fame body upon the rays
Of heay for inftance, a plate of metal which is im-
PEW“JUS to light, will in great meafure tranfmit

gat , '. a plate of glafs will tranfmit light in greater
Uty han heat ; and fo forth.

The
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The furfaces of all bodies reflet in greater orlefs
quantity the rays of heat which happen to fall upon
them. Polifhed furfaces, efpecially of metallic
bodies, reflet them moft. It has been found that
the angle of incidence is equal to that of refletion;
or, in other words, the angle which the rays of heat
falling upon any point of a given furface form with
the perpendicular to the furface at that point, i
equal to the angle which the fame rays, after re-
flettion, form with the fame perpendicular ; viz. the
heat which proceeding from the hot body A, figs
16. Plate XVIIL, paffes through the hole at G, and
impinges at B, upon the refleGting furface EF, is
reflected in the direction B C, forming the angle
of incidence, GBD, with the perpendicular B D,
equal to the angle of reflection DBC; and, in fadt;
the thermometer, fituated any where in the dire&ion
BC, will be affeCred by the refleCted heat.

Hence it follows, that when the refletting furface is
not uniform, viz. not polithed, but roughand uneven;
then the heat is fcattered in various direétions;
when the furface is flat and polithed, the ftream of
refleéted heat is equal to the incident ftream ; when
the furface is convex, the heat is reflefted diverg-
ingly ; and, laftly, when the furface is concave, the
hear is reflected convergingly, viz. towards a narrow
{pace, called a focus, beyond which the rays of
heat having croffed each other, proceed diverg®
ingly. Thus, in fig. 18. Plate XVIIL. the heat
which proceeding from the hot bedy A, falls upo?
the
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the concave refle@ting furface BC, will be reflefted
towards EF ; viz. the rays which fall upon the part
Nearer to B, will be refle@ed in the dire&tion BF,
and thofe which fall upon the part nearer to C will
b¢ refiected in the direCtion CE; fo that all the
Tavs of refleéted heat pafs through a fmall fpace or
focus ¢ D, where they crofs, and afterwards pro-
Ceed divergingly towards EF. It is hardly neceflary
10 obferve that the thermometer willbe affeted more
When fituated at D, than in any other part of the
Gouble cone BCDEF. That thofe rays of heat
do attually crofs each other at D, is eafily proved ;
for if by interpofing a fcreen G, you intercept
the upper part of the incident rays of heat, then the
termometer will be affeéted by the reflected heat
Only in the diretion CE; and if, inftead of that, you
Mtercept the lower part of the incident rays by
Means of the fcreen H, then the thermometer will
'€ affeted by the refleéted heat only in the direc-
Hon B,

The application of refleSted heat is pretty well
Underftood in ceconomical affairs, and may be
apted 16 2 great variety of purpofes. Thus every

Ody knows the refleting power of tin plates in
w. At are commonly called Dutch ovens, and in
"“chen fire-fcreens. The refledting power of the
S of fire-places, of ovens, of walls in gardens, }

c'_‘a’e likewife well known.

- intcrccpting propetty, or the abforption of
b){ different bodies, depends upon the colour

of

heat
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, upon 1ts e€apacity for heat, upon i3
conduting power, and upen the fmoothnefs of
roug hnefs of its forface.

Upon. the wno!c, bodies of the darkeft coloufs
greateft capacity for caloric, and roughelt furfaces
ablorb moft heat. If various thermometers having
their bulbs painted each with a different colour, be
expofed to a fire, or to the fun, or to a lighted can-
dle, they will be unequally affected®.

If equal weights of water, and of mercury, be;
cateris paribus, expofed before a fire, the yater will
ablorb more heat than the mercury ; hence its tem-
perature will. be railed flower than that of the
MErcury .

The tranfmiffion of heat through badies is alfo
attended with remarkable phenomena,

e

Upon the whole, it feems that in pafling obliquely
from a thinner into a thicker medium, the rays of heat
are bent towards the perpendicular to the bounding
{urface; and in pafling from adenferintoa thinner me-
dium, they are bent from that perpendicular. (This
bending, in pafiing through, iscalled r¢frafion ) Thus
if a ftream of heat, proceeding from a body A, fig. 19¢
Plate XVIIL wnpinges upon the furfice CD of 2
piece of glals CEDF, its courfe will be bent into
the direCtion BG, and in going out of the glafs Gs

¥ See the Phil. Tranf, vol. LXX. Taft article.
t See Dr. Martine’s Effay on the Heating and Cooling

ot B | i
£ D0Cd125«
i 4d

into



OF the Production, @e. of Hent and Cold. 109

nto the airy it will be bent into the direction GI.
It foliows from this, that according to the figure of
the refracting bedy, the fiream of heat may be re-
'rl'a&ed either 1rreg v""lv, or in a diretion parallel
10 its incident direction, or in a diverging diretion,
a[’clv in a converging direftion; and in the
]attﬁr cafe the fmalleft fpace into which the refracted
'3ys are colle@ted, (beyond which they proceed di-
Yergingly) is called the focus of the refratted heat ;
and thermometer, fituated in that place, will be
Wedted more than ina iny other part of the refraéted
Team.
If the thermometer ‘)e placed out of the reflected
Team, but very near t i of i
O of ‘refracted rays, r?a

MOmeter will not theréby be raifed ; for the rays of

"%t 'do not deviate from their direction as long as
hty

i 3 s o= il - - o
are not oppofed; butif a piece of wood or

~

m . g -
S, ‘or, in thort, of any irregular fubitance, ca-

pabig

Placpd

of obftrufting the pafiage of the heat, be

at the focus, then the above-mentioned

ted on the vichity of that

O¢ x 1 Sl
Us§ for in that cale the tays of heat are reflefted
and ‘
{"3"&:‘]1"0 about. Hence alfo clear water placed

4t
the faid focus will be heated either not at all, or
g deal Jefs than an opague body *.

‘\\ e Sl B

il
£ he reader muft not wonder that the reflaéling and re-
‘adlx,

The

& Properties of differently fhaped bodies, fuch as con-
cave
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The rays of light are likewife refracted in going
through diaphanous bodies. But it has been clearly
proved by Dr. Herfchel, that the rays of heat are
refracted differently from the rays of light; fo that
though they are often emitted together, as from the
fun or a commen fire, yet they feem to be two dif-
tinét powers.

If the {fun’s .rays, AB, fig. 15. Plate XVIIL
which come into 4 dark room through a hole at Ay
be received upon a triangular glafs prifm C, that
ftreamn which confifts of the rays of heat as well as
of the rays of light, will not only be bent by the
prifm, but will be likewife difperfed into the ob-
long figure DF, which is about as broad as the hole
at A, and longer or fhorter in proportion to the
diftance from the prifm; for it may be received
upon a table or a fereen fituated at any diftance from
the prifin. This oblong figure confifts of light and
heat difpofed in the following manner. From D to
E the figure confifts of the luminous rays exhibiting
the vivid colours of the rain-bow, with the violet
next to D, and the red next to E. The rays which
produce the heat are extended from D to F, DF
being tb DE, as 21 to 12.  Thofe rays of heat

gy lis >
cave and convex reflellors, lenfis, prifins, &c. are but
flightly mentioned in this chapter; for they will be partics”
larly deferibed in the next Section; which treats of Tight?
and where the different thapes of bodics are more cffentially
concerned.

cannob
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Cannot be feen, butt 1“’}' are manifefted by the ther-
Mometer ; for a thermometer L)I“C”! any where in
the extenfion DF, will be affeéted by the heat;

-

equally in every part of

out it will not be afi;

|}
I

Wat oblong figure. The greateft heat is at g, viz.
a little beyond the red light, and where there is no
hg oht atall. From that ; point the heat decreales both

Ways, " It ore that the rays of heat are

Much more extended by their refrangibility than thofe

of light ; for we find heat not only with 'the light

fom D to E, but allo from E to FE, where there
Appears no light whatever *.
It is owing to this ;fﬁ:.:;‘.gii;\ihry of the rays of

hear, that if they be received upon a convex glafs
03, they will be colleGed into 2 narrow. fpace or

’ccftu at a certain diftance from the lens. This

he focus of refleéted
'ays of heat; which have been concifely menrioned

‘QCUS has all the properties of t

Wave, I fimilar circamftances the rays of light
afe alfo collected into a focus ; but, owing to the
dlﬁere;r between the mean refrangibility ‘of the
Taysof Jjg ght and thofe of heat, the focus of heat is
2 little f3rcher than the focus of light, from the fur-
2% of the lens *.

u;l‘)

The moft powerful effeéts of heat are produced
be ﬁJQi

ur .,
Ming property of convex lenfes and concave

1 a focus of reflected or refracted heat. The

L £ % Herfchel’s Paperin the Philcfophical Tranfaétions,
°F 1800, Part 1. pr 438,
fpeculums
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fpeculums, are fo commonly known, that they
are generally called burning glaffes.  With a double
convex lens of not-more than an inch in diameter,
the heat of the fun’s rays may be collected fufficient-
Iy to fet fire to tinder, paper, gun-powder; wood, &c.
but with large lenfes, or large concave mirrors, and
a clear fun, the moft refrattory metals are fpeedily
fufed.

Cuteris paribgs, the thorter is the diftance of the
focus of the lens, or of a fpeculum, from its furface,
the more active its power will be. Speculums have
been conflructed within this forty or fifty years,
having a focus fo long as to inflame combuftibles at
the diftance of 200 feet and upwards *; but we find
in hiftory a few accounts of their having acted at
much greater diftances .

he moft powerful burning glaffes have been
made in Frarce and in England. Mr. Trudaine’s

* Buffon, of the French Academy, formed a burning
refleCtor, confifting of 168 fmall plane refleCors, which
were difpoled in a hollow fegment of a (phere, o as all to
reflect the light and heat of the fun to the fame place. With

this inftrument he could fire wood at the diftance of 209 .

feet.” Burning lenfes have alfo been made ‘of two fhells of
ghifs, like two watch glafi 23, cemented with their edges to=
wards each other in a proper-frame, and enclofing fpirit of
wine or water, Globular or nearly globular glafs decanters
filled with watér, are well known to act like burning glailes
when expofed to the fun.”
+ See Prieftley’s Hiftory of Vifion, Light and Colourss

' Jens

»
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lens in France meafured four feet in-diameter.
When its focus was fhortened by the interpofition
of a finaller lens, the effeft wag prodigioufly great.
In about a minute’s time it not onily melted all
forts of metallic fubftances, but it vitrified earthen-
Ware; flate, pumice ﬁo*m—, afhes of vegetables, &c.
It even melted pitch and other reflinous bodies in
Water,

Mr. Parker’s less in London, which coft a great
dea) of trouble, time, and expence, and which, Iam
lorry to fay, is no longer in this country, was a very
extraordinary inftrument of the kind. It was a
double convex lens of flint glafs, 3 feet in diameter,
3 inches thick in the middle, and weighing 212
Pounds., When fet in its frame, it exhibited a clear
furface of 32 £ inches in diameter. Its focal diftance
Wag 6 feet and 8 inches; but in performing ex-
Petimens, that focus was generally fhortened by
the interpofition of a fecond and much {maller
lens,

Whiltt it remained in London, this extraordinary

Urning glafs was ufed by various fcientific pelfons,
OF 2 great number of experiments, the refults of

t
Z principal of which are ftated int the following
table,

v
OL. 1ru I Subftances
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Subftances fufed by Mt. Parker’s lens, with their
weights and times of fufion.

Gold, pure -
Silver, do. -
Copper, do. -
Platina, do. -
Nickell - -
Bar iron, 2 cube

Calt iron, a cube
Steel, a cube -

Scoria of wrought -iron

Kearfh - -

Cauk, or Terra ponderofa

A topaz, or cryfolite
An oriental emerald
Cryftal pebble -
White agate -
Flint, oriental -
Rough cornelian
Jafper - -
Onyx - -
Garnet -

White rhomboidal {par

Zeolites - -
Rotten ftone ..
Common flate -
Afbeftos - b
Common lime ftone
Pumice ftone -
Lava - -
Voleanic clay -
Cornith Mgor ftone

Weight in

grains.
20
20
33
10
16
I0
10
10
G
10
10

3
2

7

10
10
10
I0
 fo
IO
10
10
IO
I0
10
I0
io
10
10

10

Time in
fecendse

60

The following experiments will thew in a moft

convincing manner the refleGtion of heat, eithef .
wn

quitc
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Quite independent of light, of accomparied with no
great quantity of it,

AB and CD, fig. 17. Plate XVIIL. reprefent
'Wo concave metallic refle@ors, about 10 inches, or
More, in diameter, and fituated facing each other dt
the diftance of about 15 feet. Suppole the focus
°f AB to be at E, 18 inches diftant from its fur-
face, as alfo the focus of CD ta beat F, 18 inches
Giftant from the furface CD. The operator may
be enabled to fituate the fpeculums exaftly facing
fach other, by placing a lighted candle in the focus
Of one of them, and then moving the other until
the reflected image of the candle ‘in the focus of
‘hi_SOtl‘lﬂl‘ is found by trial (viz. by receiving it upon
&imall piece of paper) to fall in the direGion of the
and centre of the firft fpeculum *,

Place 2 piece of iron almoft red-hot at E, viz. in
Yie focus of the fpeculum AB; then that part of
the hﬁat, which, proceeding from the iron;, falls
uPDH the furface AB, is refle@ed by itina parallel
direction to CD, from which it is refleted again

focyy

-
I haye mentioned the above determinate ‘dimenfions of
er ) g 5 .
% eﬂeaﬁrs, diftance, &c. in order to fhew what will an-
€r o
e the Purpofe; but I need hardly add, that with fimaller or
S8 Then R &
i, fpeculums, fet nearer or fartiier from each other, the
X mug be p
n
ot I\CCeﬂ‘an, th
ar & ’. 4
] qual foeq) diftances.  Speculums of filvered brafs, ot
e Copper,

roportionately more or lefs apparent, It is
at the fpeculums fhould have equal furfaces,

anfwer very well,
12 . convergingly
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1

convergingly to the focus F; fo that if the bulb
of a thermometer be placed at T, the temperaturé
of that thermometer will be raifed; If you put &
fheét of paper upon, or in fhort fcreen, ejther of
the fpeculums, the thermometer will defcend to it8
ufiaal ttmptramre. Remove the paper, and'the
thermometer will rife again.

If, inftead of the thermometer, you place a fnall
quantity of gun-powder upon a piece of paper, Of

100 any other convenient fand, at the focus Fi
4 3

and inftead of the piece of iron, you place a burn~
ing charcoal at the other focus E: then, if you
render the charcoal vividly red-hot by blowing upof
it with a pair of bellows, the gun-powder will be
fired off at F by the reflected heat.

If; inftead of 'the charcoal and the gun-powden
you fituate a thermometer at F, and a piece of icé
at E, the temperature of the thermometer will

thereby be lowered. - Cover the furface of eithef
reflector, and the thefmometer will rife.  Uncover
the reflector, and the thermometer will be lowered
again, &c.

The refult of this laft éxperiment has been {up
pofed to militate againft the commonly received
theory of heat, which has been explained in the pre”
ceding pages ; 1magining that the cold which pro-
ceedsfrom the iceisrefleCted by the fpeculums to the
thermormeter, and that, of courfe, cold is fomethifg
pofitive.  But, in my opinion, the true caufe @
the
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the phenomenon is, that the heat of the thermome-
ter is refiected upon the ice, in the fame manner as the
heat of the charcoal, in the preceding experiment,
is refleéted on the gun-powder.

If, inftead of the thermometer, a burning charcoal
be placed at F, no perfon will hefitate to fay, rthat
the heat of the charcoal is refle@ed upon the ice;
and there is 1o reafon whatever for concluding that

the fame thibg does not happen when the thermo-

Mmeter 1s at F.

The heat of a bedy, firvated amongft other
bodies, pafies from the former to the latter, until
they all acquire the fame temperature, and that
paflage is more expeditious in proportion: as the
difference of temperature is greater. Alfo, if the
cclder bodies be not of an equal. temperature, the
heat of the firft-mentioned body will efcape quicker
from that fide of it, which is oppoled to the coldeft
of the furrounding bodies ; and if a fcreen be inter-
Pofed between thofe two . bodies, then the lofs of
heat will be lefs expeditious. Now upon the leaft
refle eion, it will appear, that the experiment with
the thermometer and the ice is a fimilar cafe, ex-
’cepung that the heat, or caloric, inftead of proceed-
Hg directly from the former to the latter, is reflected
and coneentrated by the refleétors.

The artificial produétion of cold is by no means

O €y as the produftion of heat; but it muft at
mii:‘m time be confefizd, that the former is not fo
ally neceffary as the latter.

TR The

<
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The methods of cooling known, and moftly prac-
ticed wherever the heat of the climate or the habits
of life render it defirable, are, 1ft, by wventilation;
adly, by employing ' the natural temperature of
caves, wells, and the like, when that temperature
is below the temperature of the external air;
3dly, by evaporation; 4thly, by the ufe of ice,
where ice can be had; and, sthly, by the folution
of certain falts.

There is however another operation, which pro-
duces cold ; but the difficulty of the performance
renders it impracticable in common affairs. This
is by the expanfion of comprefied air.

I. The effelts of ventilation (fuch as is produced
either by means of a judiclous difpofition of doors;
paffages, &c. or by means of fans, bellows, and
ventilators) are fo commonly known, that little need
be faid concerning them. - By ventilation the heated
air which furrounds animal bodies is removed, and
the fenfible or infenfible perfpiration is more effec-
tually diffipated ; hence a few degrées of cold are
produced upon the animal bodies when their tem-
perature is above the aétual temperature of the air;
but mere ventilation preduces no effe& upon a ther-
mometer, or upona body which is of the fame tem-
perature with the ambient air.

II. In moft of the warm countries it is commonly
practifed to cool fruit, wines, &e. by keeping them
a certain time in deep caves, cellars, and wells ; ‘of
to place them in water juft raifed from deep wells:

; * This
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This methed produces a very moderate refrigera-
ton, for it has been already mentioned that the
Emperature of thofe wells, caves, &c. does not differ
Much from the mean temperature of the country.
Yer certain it is that fruit and wines thus cooled in
iAllfl‘lmer, prove very pleafant. But a more effential
benefe is derived from the ufe of caves and deep
Wells in warm countries ; which is, that meat, fifh,
butter, and other things, are preferved free from
?01‘ ruption confiderably longer in thofe places than
1 the open air above ground.

ITII. The cooling by means of evaporation is
Proportionate to the quicknefs of the evaporation:
therefore thofe fluids, which ‘evaporate quickeft,
produce the greateft refrigeration; and whatever
Promotes the evaporation, fuch as ventilation, adry
fate of the air, &c. does likewife increafe the refri-
Efraticm,

In warm climates the apartiments of the opulent
AT aften rendered pleafantly cool by fprickling
Water on the floors, on the tops of the houfes, and
CﬁJECiaU}” upon the curtains of windows and dOOl‘S;
Bking care to renew the fprinkling as foon as the
Ofmer 14 evaporated.

‘I“ encampments, in travelling through hot coun-
tripg
it ig
5
:411 of liquor, in two or three folds of wet linen,
and 9 €xpofe them to a free current of air, taking

3 g
14 care

> Or where no other refrigeration can be ufed,
generally pradifed to wrap up bottles and jars
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care to wet the linen coverings in proportion as the

‘water evaporates from them. By this means the

water or other liquor within the bottles, is cooled a
few degrees.

But the cold which the cvaporation of water pro-
duces, is inferior to that which can be produced
by the evaporation of fpirit of wine, and vaftly lefs
than that which the evaporation of ether produces
ether being fo very evaporable, that were it not for
the ufual preflure of the atmofphere, it would only
exift ‘in an acriform ftate; and fuch is the cafe
under the exhaufted receiver of an air-pump.

In order to try the degree of refrigeration pro-
duced by the €vaporation of different fuids, 1 held
up a naked thermometer, (viz. a thermometer the
bulb of which was not in contaét with the metal
of the fcale) and poured upon its bulb a ftream of
fome particular fiuid, which iffued out of the ca-

T .
I

pillaryaperture of a tube; ta KIng care to throw juft

< finid enough to fupply the wafte by evaporation-
By this means, when the temperature of the aif

was 64°% 1 found that the evaporation of watef
cooled the thermomerter 8°, viz. brought it down
1o §6°; the evaporation of (pirit of wine cooled it
16°, viz. brought it down to 43°; and the evapo-
ration of ether cooled it £4°, viz] brought it dows
to 10°: but by the vfe of the beft purified {ul-
phuric ether, when the temperature of the air was

about
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about ¢6°, 1 brought the thermometer down to
st

Some years ago I contrived a very {mall appara-
t0s for freezing a fmall quantity of water, viz. about
1O grains, in every climate. ”I he whole apparatus
is contained in a box 4 % inches long, 2 inches
b"f-"dil, 1% .deep, T hls apparatus, and the
Manper of ufing it, is reprefented in Plate XVIIL
fig. 20, EFG is 2 common phial with a glafs ftop-
ple, and full uf ether; ED is a glafs tube with a
Capillary aperture at D, and having fome thread
wound round the other extremity for the pumufc
of fitting the neck of the bottle when t e experi-

B

ment isto be performed, AB is 2 olafs l:ube- about

4 inches long, and about one-fifth of an inch in dia-
meter, hermetically elofed at B, Into this tube a
flender wire EI is introduced, the lower extremity
of which is fhaped into a fpiral, and ferves to draw
OUt the ice when formed. 'When a litde water, CB,

15 Put into the tube, T hold the tube by its upper

Part with: the fingers of the left hand, and keep it
COnt:nuaily but gently turning round its axis, firlt
ob¢ way and then the other; whilft with the right

nd T hold the phial in fuch a manner as to direc

———

* y o L] .
The cocilng praduced by the evaporation of other
o teed not be mentioned ; their effeét being generally
:erl f" r~ . -
nediate between the effed of water and that of fpirit

ef w.
"€ Bee my Paper in the I hilofophical Tranfactions,
“ 7Y 51,

fluids

the
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the flream of ether, which comes out of the capillary
aperture D, towards the outfide of the tube, 2 little
above the furface of the water within. ‘The fream
of ether thould be fuch as that 2 drop: of ether may
now and then, (for inftance every 10 feconds) fall
from the under part of the thermometer, By con-
tinuing this operation during 2 or 3 minutes; the
water CB_ will be frozen, and may be drawn out of
the tube in one hard Jump of ice. When this is
done, the phial is turned with its aperture upwards,
the fhort tube ED is removed, the ftopple is placed
in its ftead, and the remaining ether is preferved for
")r”": t!‘l‘dlS-

If ether be placed in an open veffel, together with
a thermometer uader the receiver of an air- pump ;
on exhaufling the receiver, a very great degree of
cold will be produced. A mixture of fulphuric and
muriatic ether will produce (by the exhauftion) cold
enough to freeze quickfilver,

IV. The application of ice to the outfide of
veflels full of liquors or other fubftances, is the
moft obvious way of pr‘oducing refrigeration, But
ice cannot be procured in all countries; and when
it can be procured, which is in the winter feafon, it
mult be preferved for the fummer, at which time
it is moftly wanted.

Ice, or fhow, well rammed clofe together, is
preferved in refervoirs, or ice-houfes, which are ge-
neraliy made juft below the ground in fome fheltered
place, wherein the ice melts very gradually, In
: this
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this climate an ice houfe of 20 feet in diameter, and
abour 20 deeps properly filled 1 with ice, will be found
W -contain forme of it even after two years.

A very remarkable manufactory of ice is practifed
in the Eaft Indies at Allahabad, Mootegil, and Cal-
cutta, which places lie between 23° £ and 25° § of
North latitude., The following is a fhort account
of the procefs, which is. defcribed at large by Sir
Robert Barker in the 65th volume of the Philo-
1‘Ophical Tranfadtions.

Boiled {oft water is poured into fhallow and po-
rous pans, which are fituated towards the evening
in fhallow pits, the bottoms of which are ftrewed
with: fugar canes or dried ftems of corn. In the
courle of the night, and efpecially towards the morn-
Ing, a cruft of ice is formed in the pans, and is col-
?t&fu by the ice-makers. This cruft of ice differs
0 thicknefs according to the temperature of the air
and other circumftances favourable to evaperation ;
for 5 great part of the effeé is undoubtedly due to
the €vaporation through the pores of the pans, fince
M thofe countries the thermometer was never ob-
ferved ¢ fink fo-low as 32°

Ice by itfelf cannot communicate a greater de-
8"%¢ of cold than itfelf poffefles ; but by the admix-
Hre of common and other falis, or of acids, it may
® Caufed o produce a much greater degree of re-
figeration,

The Proportion of common falt and pounded
& or fnow, which preduces the greateft cold,
vanouﬂy

ice




124 Of the Pre

inufly Fared . Fipae .
varnoufly ftated ; but 3 it, of com

mon falt to 8 of ice, or 1 of falt to 2 of Ec::, 1s the

neareft, and 1s cay

lowering the thermome-
ter to —a°,

The degrees to which the thermometer is brought
down by tiie mixture of ice and other fubflances, are
as follows, the materials before the mixture being
at-gee.

and nitrous acid® = - - < — e

(]

|
= =]
<

l:md muriu.tic aoid® SN -
6 parts, and 4 parts of diluted |
fulphuric acid, wiz. equal

Snow or parts of water and acid - - | — 3%
pounded 24, common falt 1o, fal ammo-

1C6 iac ¢, and nitrer 5= " = - —37 8%
12, nitrous ammoniac §, and

common falt ¢ - - = | —ag5e

2, and muriate of lime 3 - - — 50

\

V. ‘The refrigeration which may be produced
me\ely by the folution of falts, is very great; indeed
as great as may be produced by any known means:
But for the knowledge of its greateft effects, we ar¢

# The quantity of thofe acids cannot be ftated with accu®
racy, on account of their differing in {rr«.ugth. In tr“nel"‘]’
about equal quan \tities of diluted acid and of ice may be ufed-

Theacid, when very {trong, may be diluted with half its

weight of rain ord liftilled w:

indebted
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indebted to Mr. Richard Walker of Oxford ; for
What was known before was, that the folution of
Nitre in water produced a degree of refrigeration
fuﬂiciently ufeful in hot climates ; which folution has
IDng been in ufe, as it is at prefent ufed in the Eaft-
Indies ; alfo, that the folutition of fal ammoniac
Produced cold fufficient to lower the thermometer
to about 32°, the folutions of fome other falts be-
ing knows to progluce a very few degrees of refri-
Zeration ;  whereas Mr. Walker difcovered fuch
faline folutions, and fuch modes of employing them,
as to freeze eyen quickfilver in the middle of
fummer *.

For this purpof the folution of the faline fub-
ftance is made by putting the proper quantity of fale
and of water in an apen vefiel, in the middle of
Which another veflel with the wine, cream, oOr other
Materials to be cooled, is fituated. The cold is
Produced only whilft the falt is diffolving ; viz. the
'~'-:31()ric of the annexed bodies is abforbed by the fa-
line fubftance, whofe capacity is increafed by its
being converted from a folid into a Auid fate.

The cold produce

o OrT e .
J1Ce

iter in proportion as the

L 5 o .y :

em?‘;‘radue OL the materials was IU‘-‘:’CI‘ previous to

-\‘_ -
e SC!‘

; his Papers in the Philofophical Tranfactions, vol.
Or lh‘-

< Year =8- RE =2 sne. and far fhe ve =
o years 1787, 1788, 1789, 1795, and for the year 18013

£ ¥ —q : s y

s publication, entitled, Mu Aeconnt of the Remarkable
Jeougrr.. - 7 o : 3 = v
Meries in the Produstion af tal Cold.  Oxford,

1796,

the
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the making of the mixture. Therefore, when a very
great degree of cold is to be produced, viz. fuch asto
freeze quickfilver, then a folution of falts in water
muft be firft ufed for cooling the materials neceffary
for a fecond mixtre, which of courfe will be able to
produce a greater degree of cold; and by the like
means the materials for a third mixture may be
cooled, &c.

The following lift contains the moft powerful
mixstures of falts and water, or acid, for the pro-
duction of cold. The materials are fuppofed to be
at the temperature of go° before the mixture, and
annexed to each mixture is the degree of cold pro-
duced, or the degree to which the thermomerter is
brought down. The falts muft be powdered very

“fine, and dry; but not fo as to have loft the water

of cryftallization.

N. B. Some of the fubftances in the following
lift are expreflfed by their old names, they being fo
exprefled by Mr. Walker ; but from what has been
faid in vol. 2, the reader may eifily recolledt, ‘that
fal ammoniac is muriate of ammoniac, Glauber falt
is fulphat of foda, and vitriolic acid is fulphuric
acid.’




Of the Prod

iony €c. of Heat and Cold. 127

Cold produced.

* 8al ammoniac 5, nitre ¢, water 16|  ° 10°
Sal ammoniac g, nitre 5, Glauber’s

ale 8, water 16 - - s 4°
* Nitrous ammoniac I, water 1 = = 4°%
Nitrous ammoniact,falfodae 1, water 1| —v°.

T Glauber falr 3, diluted nitrous acid 2 —_3C
Glauber 21t 6, fal

amimoniac 4, nitre 2

diluted nitrousacid 4 ~ - - .| —io,
Glauber falt 6, nitrous ammoniac s,

diluted nitrous acid 4 - - -1 —14n
Phofphorated o 9, diluted nitrous

acid 4 - L 2 . 4 (s

Phofphorated {od

i g, mitrous amirio-
niac 6, diluted nitrods acid 4 - -] =——271"
T Glauber falt 8, marine acid 5

o (o4 3
T Glauber falt 5, diluted vitriolic acid 4 3
* Muriate of lime 5, water 4 = '~ - 21°.

The
\‘-—_

- -
Thefe faits may be recovered by evaparation to dry-
efs, ang may be uled again and again repeatedly.

T Thefe falts may be recovered by diftillation and cry=
?‘”izi’-tiﬂn,

1 The cold in thefe mixtures may be increafed by the
400 of {al ammonizc and nitre.

. The following extradts from Mr. Walker’s account of
s . : 5
*Periments on Cold, may be of ufe to the reader.
&
I have,
MiXing to
LS =
~ 'Wo dram

% " fays he, « frequently frozen quickfilver by
gether at ©°, three drams of ground ice, With

s of nitrous acid,  If
'Y
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The laft-mentioned method of producing cold,
is by the expanfion of air. But this methed, which
is eftablithed by a fufficient variety of facts, has
not, however, beén applied to any ceconomical
ules.

It has been found that whenevér air is comprefied
in any veflel, heat is produced, the degree of which
is proportionate to the quicknefs of operation and
the quantity of compreflion. On the contrarys
when air is expanded, a degree of cold is produc=
ed, which is proportionate to the quicknefs and
quantity of expanfion,

A thermometer placed under the receiver of an
air-pump, 1s lowered a few degrees, by expediti-

ufly rarefying the air of the receiver.

— e

c

fectly folid and hard, 2
« mixture of equal parts of the diluted vitriolic acid and

< Tf it be required to make it per
« nitrous acid fhould be ufed with the powdered ice; buf
« then the materials thould not be lefs than — 10° befor€
€ mixing.

¢ If a ftill greater cold be required than a mixture of that
« kind can give, which is about —567, the diluted vitrioli®
¢ acid alone fhould be ufed with fnow or powdered ice, and
« the temperature at which the materials are to be mixed
¢ not lefs than'—20°.”

If Glauber’s falt be added in ctyftals unpounded to doubl®
aqua fortis, or diluted nitrous acid, even at a warm temper®*
ture, the cold produced will be fufficient to freeze water &
cream.

In
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In the fame. veffel the air may be alternately ra-
refied and condenfed by the ufe of a proper engiﬂt‘;
and the thermometer in it will be’ lowered in the
former cafe, and raifed in the latter *.

If the comprefled air in the refervoir of an air-
8un, be difcharged on the bulb of a thermometer,
the mercuiy in the tube of the thermometer will
defeend a few degrees .

In the Chemnicenfian mines in Hungary, the air
ina large veffel is comprefied by a column of water
260 feet high when the ftop-cock, which gives exit
to that air, is opened, the air rufhes out with great
violence, ‘and its expanfion’ produces a furprifing
degree of ‘cold; for the moifture is precipitated
from it in the form of fnow, and icicles adhere to the
nofel of the ftop-cock T.

Having defcribed the different means of pro-
ducing heat and cold, I fhall conclude this Seétion
Upon Heat or Caloric, by briefly mentioning an in-
ftance of the infinite wifdom of nature in the appli-

e, T

Py . .
¥ Philofophical Magazine, vol. 8, p. 214.

1 See Dr, Darwin’s Paper in the Philofophical Tranfac-
EIQDS, vol, HS

+ Q i -
1 See the defcription at large of the machine, and the

ACeoi .
“ount of the phenomenon in the 52d vol. of the Philofo-
Phicy] ranfations, ,

YL, 111, K cation
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cation of proper means for the prefervation of the
animal creation in great heats or colds, :

The range of temperature in which a human

being can live with comfort, is trifling indeed.
Natives of different climates can fuffer without
uneafinefs different, but not very different, degrees
of temperature. In this climate we can live with
comfort between the temperatures of 60° and 707
viz. a range of about ro°, When the temperature
of the air is below 60°, moft people would be glad
to appreach the fire ; above 70°, moft people com-
plain of the heat.

But nature has made ample provifian for obvi-
ating the pernicious effects of a fudden increafe of
great heat or cold. It is a difpofitien for generating
cold in the former, and heat in the latter cafe, at
Ieaft to a certain degree and for a certain time ; and
this is effected by the natural change of capacity in
fome of the component parts of the animal body;
thus, for inftance, when the body is very warm,
its perfpiration is increafed, and the fluid, which
‘becomes vapour, having its capacity for caloric in-
crealed, contributes to cool the body ; and a fimilar
effect is produced by the change of the capacity of
other animal fluids, &c,

In fa&, animals of various fpecies, and even hu-
man beings, have frequently been expoled to ex-
ceflive degrees of heat or cold for a certain time,
without receiving any material injury ; and -without

having
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having had the natural temperature raifed or lowered
by more than 2 very few degrees. Thus men have
1 N - .3
been expofed to a temperature where quickfilver
would freeze, and ¢n the other hand, to a tempera-

ture above that of boiling water *.

% See the experiments inah heated room, in the Philofo-
1

Tranfaltions, vol. for the year 1773,
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ELEMENTS OF OPTICS, OR OF LIGHT, COLOURS,
AND VISION,

HE fubject of the prefent feétion is fo very

extenlive, that a full inveftigation of all its
branches, both in theory and in practice, would fill
up feveral fuch volumes as the prefent. A ufeful
and competent explanation of its principles is what
can be expected in the prefent work; and this we
fhall endeavour to render as comprehenfive as the
pature of the fubje@ feems to admit of. With
this object in view we fhall take little notice of
wiiat is merely hypothetical or controverted ; we
thall however refer the inquifitive reader to thofe
works which treat more at large of thofe particular
branches. With refpect to the ufeful part of the
fubject, we fhall endeavour to explain the princi-
ples chiclly ; for when thefe are well underftood, a
very moderate degree of ingenuity on the part of
the ftudent, will enable him to apply them either
for the explanation of new facls, or for the improve-
ment of particular branches.




CHAZTER. L
GF THE NATURE OF LIGHT IN GENERAL.

HE difference, in the day time, of what we

perceive when our eyes arc open and when
our eyes are fhut, is produced by what-is called
light. The privation of light, as when our eyes are
Thut, is called darknefs. Ic is this light that informs
us of the prefence of objets which are not near
enough to touch our bodies, or which do not affed
any of our other fenfes. IHence the blind muft
Judge of the prefence of particular objects, by the
found’ or by the fmell, or by the touch, &c. but
ROt by the means of light. In fhort, light does not
ie“ﬁbly affet any other part of our frames, befides
the €yes.

We have no certain knowledge with relpe& to
the nature of tht. ‘A variety of conjectures have
"0 made, and a variety of hypotheles have been
Offereq concerning it; but of thofe hypothefes two
Only deferve to be mentioned, :
Otg;swils fuppai‘:‘d~ by' Dgi'c.al-Fe:;,. ‘Hunghens, and
o ;r lglt] a vcr}'iubule-ﬁu:% 1s difperfed thro.ugh-
bOdics f. IS up, the univerfe; that L‘he lumingous

> duch as the fun, a candle, a fire, &c. put

£ 3 that
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that fluid, not in a progreflive, but in a certain vi-
bratory motion ; and that this motion, being com-
municated to the nerves of out eyes, renders the lu- |
minous bodies perceptible to us; fomewhat like
the effett of a founding body upon the air, which
puts the air in a certain vibratory motion, and this
motion being communicated to our organs of
hearing, excites in us the fenfation of found.

Newton and his followers fuppofed that light is a
real emanation from luminous bodies; viz. that a
fubtile fluid, confifting of certain peculiar particles
of matter, proceeds from the lurrinous bodies, and
by entering our eyes, excites in us the fenfation of
light, or the perception of the luminous objeds.

A variety of fatts and confiderations feem to
place Newton’s hypothefis on a bafe of greateft
probability.

Admitting then Newton’s hypothefis, feveral con-
fequences, which are naturally deduced from it, de-
mand a particular explanation ; viz. this emanation,
this light, muft confift of paticles; thofe particles
muft have a very minute, but determined, ize; they
muft be at a certain diftance from each other, muft
move with a certain velocity, and muft have a cer-
tain momentum.

Several remarkable difcoveries made in aftro-
nomy and in other branches of natural philofophys
enable us to determine the above-mentioned fize:
diftance, velocity, &c, of the particles of light, not
with abiolute precifion, but within certain limits

3
0%
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of Probability. Previous to the ftatement of thofe
qulantities, it will be neceffary briefly to mention the
Principal fadts upon which the determinations of

thofe quantities are eftablifhed.
If 2 fmall hole be made in a fcreen, and the fcreen
€ Placed before our eyes, at about the diftance of
50r 6 feet; and if a luminous body, for inftance,
A Ted-hot coal, be repeatedly paffed by the hole on
thf’ other fide of the fcreen, we muft naturally per-
C€ive the hole luminous at intervals. But if the in-
terval, or the time during which the coal is not be-
fore ghe hole, be l¢fs than the tenth part of a fecond,
thcnﬁthe hole will appear to us conftantly luminous,
;xact]y as if the red-hot coal were held fteadily
hzg?tre It.  This thews that the ir‘nprf:fﬁon .of
tbe : upon our eyes cor_n:mues a .ccrtam time, viz.
; Cerg!ﬁ:u."ance of an object remains upon our eyes
in time after the removal of the objeét, or after

e c?ﬂ“ation of the impreffion.
- tl:e::] ‘f'm' this reafon, that it." a ﬁ‘lc‘k with a lighted
e ity l.)c turned rou-nd in a c1‘rc1e before our
> and if the revolution be quick enough, ‘we
p::::::"e not a ﬁ‘lcceﬁion of ligl;ht al.ong the circum-
inten-: of th.e c:rclc,_ but we imagine to fee an un-

Pted circle of light.

o iomw it muft bff remarked, that the- duration of
Orterprcmon f)f light upon our eyes, is longer or
Minog ; tcordmg as the Ub_]ii(s:t is more o lefs lu-
e Weai{erz.. ;ccordl‘ng as the lmprefﬂ?n is ftronge.r
5 hence; if the above-mentioned experi-
K 4 ment
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i . mpaent be pcrﬁ;-;'meni with a flick whofe extremity 18
i barely red-hot, - the revolution muft be made
b quicker ; but if that extremity be very vivid, then
the revolution needs not be fo quick, in order t0
" reprefent an uninterrupted circle.

it The impreflion is fometimes fo ftrong, that the
1! eye does not eafily recover its tla.nquﬂ]ltv, evel
e after feveral minutes ; 2nd the very thape of the lu-
minous object remains a certain time in it,  Thuss
after having looked for a fhort time at the fun, or at
the bright fire of a large furnace, the eye remains
| ,dazzled, fo as to render the appearance of other ob-
jefts defeétive or confufed for a very confiderable
time. :

[t has been obferved by aftronomers, that theé
eclipfes of the fatellites of the planet of Jupiter, ap-
pear to take place fooner than the time determined
by the tables of their motion, when that planet i
nearer to us; and that thofe eclipfes appear to také
place later when that planet is farther from wuse
Hence it is conjeftured, that light moves pro:
greflively and equably, viz, that it employs #
certain time in percurring a certain {pace ; and
this conjecture is corroborated by other aftrong”
mical obfervations, which, as well ag the aboves
mentioned. appearance of the fatellites of jhpitt""
will be explained in a fubfequent part of thefé
elements, But we muft not omit o mention in thi3
place, that from the difference between the neat€
W and-fartheft diftances of Jupiter from us, and fro®

i he difference of time between the apparent and thé
| tﬂhb]'xf
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tabular times of the eclipfes of its fatellites at thofe
two {tations of the planet; it has been computed
that light moves at the aftonithing rate of, at leaft,
164000 miles per fecond, or, we may fay, 170000
Per fecond ; fo that in moving from the fun to us,
light employs about 8 } minutes; whereas, if a
Cannon ball could contizue to move with the fame
Velocity with which it firft comes out of the can-
fon, (viz, at the rate of about one-eighth part of a
mile per fecond) it would employ 32 years in going
#1om the earth to the fun,

If 2 fmall hole be made in a fcreen, and feveral
Perfons be firuated on ong fide of the {creen, every
Gr‘? of them looking through the hole at a different
Object placed on the other fide of the fereen; it is
SVident that the various freams of light from thofe
Objedt to the eyes of the obfervers, muft pals
Hrough the fame {mall hole in different directions,
A without ditturbing each other, at leaft in any
2 lervab)e degree. This thews that the particles of
80t mutt be fo very fmall and fo diftant from each
Other, a5 not fenfibly to obftruét each others paflage
Hirough 5 very narrow {pace.

From fome imperfect. experiments made by
-“f‘ﬂw';ng the focus of a concave mirror on the extre-
mlt.y of a very delicate beam nicely fufpended, by
Which Means a flicht motion was given to the beam
1 = Gt =) t L]

it w i k.
: ";5 deduced that the light thus collefted, had a
cenfy 2 :

ble momentum. Now, from the weight of the
beam 5

and from the motion which was communi-
cated
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cated to it by the impulfe of light (if that was the
real caufe of its motion); alfo from the above-
mentioned velocity of light, it was calculated ®, that
the matter contained in the light which was thrown
upon the end of the above-mentioned beam during
one fecond of time, and which was colleGted from
a refleting furface of about 4 {quare feet, amounted
to no mote than one twelve hundred millionth part
of a gramn 7.

Now, from the above-mentioned fads, as alfo
from the common, obvious, and daily experience,
we may draw the following conclufions :

1. Since every phyfical point of a luminous object
may be feen from every point of an immenfe {phe-
rical fpace which furrounds it, when no opaque body
interferes, it follows, that the ftreams of light which
proceed from all the points of vifible objects, and
move in all manner of directions, is paft all concep-
tion.  If this be alledged as an objetion to New-
ton’s theory, the leaft refleGtion will fhew, that it
offers an objection equally great, if not greater, to.
the other hypothefis. But the following confidera-
tions will {mooth “the difficulty with refpeét to
Newton’s hypothefis.

2, It has been thewn above, that the impreffion

* See the marmer of making fuch computations in the
firlt volume of thefe Flements. Chap. IV,
1 Prieflley’s Hiltory of Difcoveries on Light, Vifion, &c-
Eeripd VI, Seét I, Chap, IIL
: - of




Of Light in gencral. 139

of light remains a certain time upon our eyes, and
(in the cafe of the red-hot charcoal) it” has been
fhewn to remain about one-tenth part of a fecond ;
but fUppofc it to remain only during the roodth
Part of 5 fecond ; then it is evident, that if 150
Particles of lioht be emitted from a fingle point of a
Uminoyg bof_:y, as from a point of the furface of the
fu.n; thofe particles will be more than {ufficient to
81ve oy €yes an uninterrupted vifion of that point ;
Y&t fill thofe particles, on account of their immenfe
Vt—locity, mﬂ-; be more than 1000 miles diftant
"Om gne another, and of courfe leave room enough
O millions of other particles to pafs \in all di-
rc&i%ns 9&_

.3. The wafte of the matter of a luminous body,
ar{ﬁﬁg from the emiffion of light, confidering the
I\?;:;‘ifncfsn of its l:frticles,. is very trifling, even

¢fpeét to the fun, which has been the great
Ou.nt"‘-m of light during fo many centuries. Dr.
W:i‘.“ty’ after having related the .experiment which
"ave deferibed in page 137, viz. where the focus

4 _"Gﬂc:&or was thrown upon the arm of a flight
“e‘“"m, thus reafons upon it. “ Now,” fays he, « the
& "ght 1n the above experiment was colle&ted from
e U lurface of about 4 fquare feet, which refleéting
i °nly abour half what falls upon it, the quantity

~ Matter contained in the rays of the fun, inci-

—

et

See M. Canton’s C

T Tafaions cmputation in the Philofophical

> vol. 58, p, 344.
¢ dent
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¢ dent upon a fquare foot and half of furface, in of€
“ fecond of time, ought to be no more than the
“ wwelve hundred millionth part of a grain. But
« the denfity of light at the furface of the fun i
« greater than at the carth, in the proportion ¢
“ 45000 to 1*; there ought, therefore,, to iffilf
“ from one fquare foot of the {un’s furface in of€
< fecond of time, in, order to fupply the walte by
“ light, one-forty thoufandth part of a grain of
€ matter, that is, a little more than two grains in 2
“ day, or about 4752000 grains, which is abouf
% 670 pounds avoirdupois, in 6000 yearst,”

4. On account of the motion of light, it is eviden®
that if a luminous body wete fuddenly placed in the
heavens, at, for inftance, the fame diftance that the
fun is from us, we could not poflibly fee it beforé
the lapfe of 8 § minutes. Alfo, when we behold #
celeftial objeét, we do not fee it exactly in the plac?.
where it atually flands; but we fee it in the placé
where it ftood fome time before.

5+ Light moves in {traight lines as long as it goes
through the fame uniform fubftance, or through @
yacuum. ;

6. 1f we direct our eyes towards certain po]iﬂlf-’d
{arfaces, we frequently fee in them the appearanct’
of objects which are fituated in places quite differen®

* See the 1ft vol. of thefe Elements, p. 63.
+ Hift. of Difc. on Vilion, Light, and Colours, p.39%
from
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from thofle in which we fee them. Thus an eye
wC, fip g Plate XVIII. dite&ed towards the

Hat ang pnhm..k. furface, of which A B is the
ﬁ351'5011 will perceive the exalt figure, colour,

€ of a body which aGually ftands at D; but
Which i) appear as if it flood at E; “it is,
“efore; evident that the light “which proceeds
fom D, falls upon the furfice AB, and thence it
OMmes in another direction, FC, to the ‘eye at C.
W the furface A B, which thus fends the light

-k, is called the reflecting furface or mirrour, be

s figure flat or otherwife fhaped. - The light thus
fen | back; viz. FC, is called the reflelied  light';
LT the Tight from the obje& D to the u.ﬂtmng
4Ce, is. called the - incident light.  The angle
rr "hthe incident Tight makes with the 'vupﬁnrf.im%
e ' the reflecting 1U?'i(!£g at_the point of inci-
. “ag C€, viz. the angle DF G, is called the angle of
Heideyeg. The JH"]L, which the refleéted light
e with the fame perpendicular; viz. the angle
FG Is called the ax m’c of refleflion.  But fome
‘10:-5 call the angle D F A the angle of incidence,
the angle CFB the angle of refledtio

f-; In pq_mnn from one Lrﬁc, into
)

avacil‘d'h h:[’) any iLh tLance, an Ll 2 T -"-.-'!

lghy

] 'S often bent in its direftion, That buu:'mn 15
€ L -
ﬁd Yefraftion of light, Thus, if a lighted candle

3

Ay 8 1. Plare XIX.
effi] full of

jadgv\v Qf ff

¢ Gd&_c

be pliced on the fide of
water, ABDC, o as to caft a
1e fide of the veilel upon the bertom,
of the fhadow d dees not come to E, o as

o
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to form a ftraight line EBG, but will be found
fomewhere elfe, as at F, and FBG will for®
an angle at the furface of the water, which
proves beyond a doubt, that the light which pro®
ceeds from the candle is refradted, viz. bent, at th°
furface of the water. The angle which the incide®
light G B makes with the perpendicular to the
face at’B, viz. the angle G B K is the angle of "
dence 5 the angle which the refracted light mak®
with the fame perpendicular - produced, viz.
angle CBF, is called the angle of refrattion. B

" fome authors call the angle GBI the angle of'lf'l":1

dence, and FBA the angle of reframon viz.
angles which the incident and the refracted Tigh*
i a]s.c with the furface A B 1. .

8. Light is likewife bent not only by paﬂiﬂg

through, but by paifing within a thort diftance fro™
bodies. This fort of bending is called snflesion”
light.

An indefinitely {mall quantity of light, me“‘

neither diverging nor converging, is called a 74/ f

fight. . The quantity of light which comes fro®

f
a luminous pOH'IE . a 11\‘(‘!” na conical l‘n“iﬂﬂgf
is called a pencil of light, or o pencil of ¥8)°

Tkt |
i

ghts p
Thole bodies, fuch as water, glafs, &c th rots

N
which light will pafs, or through which our er’
216
can perceive objetts fituated on the other fides #

! : . 88
called tranfparent bodies. All traniparent bodi€® >

&5 r 5 ~ -, 5 3 1. oiu
alfo a vacuum, are called medivans in optics. Il
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bodies which obftru@ the paflage’ of light,. or

r_hyough which notl be {een, are called

9Pague bodies.

The fcience of aptics comprehends whatever be-
lﬂngs to light and vifign, but fome authors confine
% merely to the explanation of diret vifion, viz.

3" c

When the light comes direétly from the object to the
€¥e. That branch of optics, which treats of re-
fedteq light is called Catoptiics ; and that which
Sreats of rum.,u:d light is called dejﬁ'? £5.

It is upon the reflettion and refraction of light,
that the whole cience of optics princi'}a}}v depends;

Orif the rays of light were neither reflexible nor re-

. e e ol g :
‘angible, we fhould be deprived of tclc‘.copcs, mi-
-J‘{)f(:oigc;::

and all other optical inftru-
5 el

Ments ; as alfo of the greatelt part of the moft ufeful
3 : g S
% admirable phenomena of vilion.




CHAPTER

‘CATOPTRICS, OR OF REFLECTED LIGHT:

v ' the rays of light which preceed from a 1v°
minous body *, thofe which fall upon th®
furfaces of almoft all bodies, whether tranfparent of
opaque, folid or fluid, are more or lefs, but nevel
entirely, reflected 1. ’

Whe?

L

n

# A luminous body, in this place, means any vifibk
obje&t, whether it be v ifible by the emiffion of original lights
like the fun, a candle, &c. or by refleCted light, like the
moon, 2 tree'in the day time, &c.

t+ Of the light which falls upon the furface of mercuy?
not above three quarters are refleted ; and probably ther®
is no fubftance which refleéts light fo well as mercury.

The'quantity of light which is refleGed from a given fat
furface, varies with the angle of incidence; and a c'rl'ﬂzltr
quantity of light is refleCted when the angle of incidence '
great, than when it is fmall,  Thus of the |i ght of the futh
which falls upon the furface of fmooth water, a gred™
quantity is reflefled {oon after fun-rife, or before fun-feftiﬂg
than at noon. But the increafe of refletted light, w1th

fncreafe of the angle of incidence, is not equally reg! ;h
w
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When the reflecting furface is flat; or of a regu-
lar figure, then the direftion of the reflefted rays
M2y be traced by the method which will be ex-
Plained in the fequel ; but when the refleting fur-
face is irregular, then the light is fcattered in va-
fious and uncertain direions.

The rays, which proceeding from any fingle lumi-
B0us point of an objed, fall upon a given reflecting
furface (or upon any furface) are innumerable;
fince the refledted appearance of that point may be
feen by innumerable fpeétators placed in different
ﬁtilatit)ns, and direfting their eyes towards the re-
ﬂe‘&ing furface. Thus the luminous object C,
B2, 2. Plate XIX. fends out rays of light fpheri-
Sally, or in all directions. Of thofe rays the portion
CaR fu upon a plane refleéting furface, of
Which A B reprefents the fection ; and are thence
"efletted. 1o the places D, K, L, M, &e.

It is evident that thofe rays fall upon the furface

B, with different angles of incidence ; but if you

“Mine any one of thofe rays and its refletion, you
YUl find thae the angle of incidence is conftantly

\‘_\_—

Wi vy
I“h Al forts of refletting fubftances. Bouguer’s Traité
ph‘?ue_

lighthi:. feems confonant with ﬂTe Newtonian theory .of
With’ 2 1Z, that light 15 an emana.tlon,. and fall.s upon bodies
I‘eﬂe&‘_:dm?me"tu'm 3 {ince an oblique impulfe is more eaﬁl.y
Work, than a direct one, &c.  See the firft volume of this

VoL, L .equal
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€qual to the angle 6f reflettion ; and this is a fun-
damental law in catoptrics ; viz. the angle COH
is equal to the angle HOD; CIG is equal t@
GIL, CEN is equal to NE M, and fo on; 0OH,
1G, EN, being perpendiculars to the furface.

Another invariable law is; that the angle of inecir
dence and thatof refleftion of the fame ray, lay i0
one and the fame plain, which is perpendicular t0
the ‘reflecting furface. The ray which falls per-
pendicularly upon a reflecting furface, (like CA) 18
reflefted back along the fame line, for in that cafe
the angle with the perpendicular vanifhes.

It is evident that the rays of light which ¢omé€
from a luminous point, muft fall divergingly upoft
any given furface; yet when the obje& is vaftly
diftant, the divergency of the rays becomes infenfis
ble ; ‘and, in that cafe, they are called parallel rayse
Thus the rays of the fun, of the moon, of the ftars
&¢, are réckoned parallel rays. When' the lumi-
nous’ poirt .is pretty near, then the rays are fenfiblf
diverging. The rays which come from differen®
points of _the object to one point of a furface, ar¢
evidently converging rays.

In the following pages we fhall take notice not of
all, but of a few only of, the rays which proccﬁd
from certain luminous points of objedts; it bein
evident that the intermediate or adjoining rays, aré
moflly regulated by fimilar laws.

When an eve, as E, fig. 3. Plate XIX. view®
an object as CD, or A B, directly, fome of the rays
which proceed from eévery perceivable point of the

: objﬁﬂ’
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objedt, enter the eye, and the whole quantity of
light which thus enters the eye, is circumfcribed
by the rays which proceed from the extreme points
Of the objedt, viz. CE and DE, or AE and BE,
The angle which thofe extreme rays form at tht
€¢, viz. the angle CED, or AEB, is called the
Vifual angle, and it is from the fize of that angle, -
that ve principally judge of the diftance of a known
Ojedt. Thus, fuppofing that the obje&s CD and
4B are equal, ‘or that they reprefent the very fame
Objegt {ucceffively fitvated at different diftances; it
18 evident that the farther the objett 1s from the eye,
the fmaller will the vifual angle be.

It muft likewife be oblerved that, the diftance
“Stween the eye and the objeét remaining the fame,
if by any means the rays of light are bent fo as to
fﬂlas‘ge the vifual angle, then the objeét will appear
hr%"?l' (or it 1s faid to be magnified); and on the
c“?fl‘ar}f, if the vifual angle be diminithed, then the
Djet will appear fmailer, in which cafe it is faid to

® diminifhed.

Now thefe particulars, which have been mention-
:'ilzl”? refpect to the :1bo‘f'c dirett view, are likewife

With refpeét to the view reflefted by any regu-
ar electing furface. ;
mfg{O M, fig. 4. Plate XIX. be a fist reflect-
anD b'l ace, F an eye direfted towards it, and AB

016 placed before it. Draw the extreme rays
eqlla,l i)G, v&:hich, fc)rfning their angles of %ncidencc

Fhﬁlr refpective angles of refleCtion, may
L2 come
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come to the eye at F *; and the obje& will appeal
as if it ftood at I K, viz. as far behind the reflecting
furface as it actually ftands before it ; or it will ap-
pear as it would by diret view to an eye at C, viz
an eye fituated as far as to make the diftance C D
equal to DF ; which is owing to the lines DC, GC
forming an angle at C equal to the angle formed by
the lines DF, GF at F, That thofe angles ar€
2qual is eafily proved by drawing the perpendiculars
IE and LN to the refleting furface; for the
angle of incidence AD I is equal to the angle of
refletion IDF, and equal to the angle EDC +3
therefore the angle IDF is equal to EDC, and the

angle FDG equal to.C DG, fince the whole angle.

IDG is equal to the whole angle ED G ; each
being a right angle. By the like reafoning it will
appear that the angle FG D is equal to the angle
CGD; whence it follows, that the triangles DGC
and D G F, having two angles of the one equal t0
two angles of the other, and a correfpondent fides
viz. DG, common, are equal in every refpeét 15

_—

* 1t is ufelefs to take notice of thofe rays, which, coming
from the famg points A and B, fall upon the reft of the re-
fleCiing furface, becaufe thofe rays cannot be refle@ed to the
eye. The rays which come from other points of the objﬁa
between A and B, and fall upon the furface D G, are all
included between the extreme rays AD, D F, and B G
G,

+ Euclid’s Elem. B. L Prop. 15.

§ Euclid’s Elem. B. L
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Viz, DC isequal to DF; the angle at C equal to
the angle at 'f; &e.

‘It Is to be obferved, however, that an objeft
Viewed by refie@ion from a flat furface, as by an eye
A F, does not appear fo bright as if it were viewed
'omC by a direét view, becaufe fome light is loft by
the refedions even from the beft reflecting furface;
Which i owing to the pores, irregularities, &c. of
ﬂ_mi‘t furfaces. 'What has been faid of the inclina-
Y00 of the extreme rays AD and B G, is evidently
*Pplicable to all other rays incident upon a plane
rtﬁ@ﬂ‘ing furface, viz. that on account of the per-
Pendicylars I1E, LN, &c. being parallel to each
Othel‘, the incident rays will be refleGted with the
e inclination to each other as they had before
Hieir incidence on the furface, viz. they will be
Paralle] afer reflection, if they were parallel before ;
oy they will be diverging or converging after re-

®tion, according as they were diverging or con=
Yerging before, and at the fame angle. .

) The refiections from concave or convex refleéting
“laces, produce very different effets, becaufe the
Perpendiculars to the different points of a curve

Urface are not parallel to each other. ‘Thus, fup-
};J?zed;z;};w? parallel ray.?, as. AB, CD, _ﬁg; 5.
K . fall upon a fpherical convex furface

03 draw the perpendiculars to the furface at the
Points of incidence B, D, and thofe perpendiculars

L3 (EB,
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(EB; F D*) muft diverge from each other, and { of
courfe the refleted rays, KB, LLD. muft likewife

diverge from each other; for if a line at D, Wiz

M D, were parallel to E B, then the refle
ND would be parallel to the refleéted ray K B; an
therefore the real refle¢ted ray D L, diverging from
D N, muft alfo diverge from K B.

A fimilar reafoning applied to the refleftion of

incident parallel rays, from a {pherical coneave fur-
face, will prove that they muft L reflected con=
vergingly. Thus the parallel rays A B, CD, fig. 6»
Plate X1X, are reflected in a converging mannef
from the concave furfice HBDI ; in confequence
of which they muft meet in fome point where they
crofs each other, after which they proceed diverg:
ingly, like the refleCted rays BF, D F, which meet
dt F, crofs each other, &c.

This explanation, which we have applied @
parallel rays only, may be eafily extended to all
forts of incident rays, viz. to thofe which come di
vergingly as well as convergingly ; the general [a¥
being as follows :

All forts of rays of light, viz. whether paral el
diverging, - or converging, which fall upon a fphe

% The perpendicular to a curve furface at any point is
perpendicular to a plain furface touching the curve {urfac®
at that point. The perpendiculars to any points of a i'ph-:ricﬂl
concave or convex furface, do all meet at the centre of fphe”
ricity, viz. of the [phere of which the given furface s
portiol. callf
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aly convex {urface, are refle®ed”in 2 more
diveroing

aing
Ceed Jefs
Iays.,

Tic
manner, viz. the reflefted rays pro-
inclined to each other than the incident

All forts of rays, which fall upon a fpherically
“Oncave refleting furface, are reflefted more con-
Vﬁrging?y, or lefs divergingly, viz. the refleted
Tays will

be more inclined to each other than
th

I¢ incident ra

But when the reflected rays meet

d crofs each other, then beyond that point or focus

e ol
ey proceed ‘divergingly.

Now ithasbeen faid in page 147, that if the angle,
Which the rays, that proceed from the extreme points
of an object, form at the eye, is by any means di-

minifhg:], that object will appear fmaller, and wice
Yetfa ; therefore it follows, that an object feen by
Tfe@tion from a convex furface, muft, appear
fmaje, than if it were reflected from a flat furface.
Alfo, ¢hat an object feen by reflettion from a con-
ave furface, muft appear larger than if it were re-
eted from a flat furface, to an eye fituated nearer
10 the reflecting furface than the focus of the re-
elted rays ; but it will appear fmaller and inverted
0 an eye fituated farther than that focus; for as the
Tayg trofs each other at the focus, the upper ray,
» fig. 6. will become the lower F G beyond
tae focys F, and the lower DF will become the
Upper ¥ K.
All the properties of refle®ting {pherical furfaces
‘Pend upon the foregoing laws ; and if the reader

L 4 with




142 Catoptrics, or of Refleied Light,

wifh to exhibit them upon papell-, for the fake of
illuftration, he may eafily perform the neceffary
operatious, viz. he muft firlt of all draw the curve
line which exhibits a fection of the refleéting furface;
fecondly, -he draws the incident rays, whether con-
verging, parallel, or diverging ; thirdly, he de-
fcribes the perpendiculars at the various points of
incidence ; and laftly, he draws the refle@ed rays,
always making the angle of refle@tion equal to the
angle of incidence. I fhall therefore ecnumerate the
properties of the fpherically concave and convex
refletting furfaces, without any farther explanation
ofthofe properties; but previous to this it will be
proper briefly to remiove a difficalty which fre-
‘quently occurs to the learners of opties.

In {peaking of parallel rays, it is not to be ima-
gined, that all the rays which come from all the
points of an obje, and fall upon the eye or upon
any refleing furface, are parallel to each other;

but it muft be underltood of thofe rays only which

proceed from one phyfical point, For inftance, let
us examine the rays which come from three points
only of the fun, and which enter the pupil of an
eye. Sece fig. 7. Plate XIX. The rays which
proceed from the point A, in truth form 2 coneés
the bafe of which is the pupil of the eye at D ; and
its height is from us to the fun hence, the various
rays which form that cone are f{aid to be parallely
becaufe their inclination to each other is infenfible 3
and the fame thing muft be underflood of the rays
which
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Which proceed from the point B, or from the point
Cs but if we take a ray from the point A, and
Mother from the point C, then thofe rays form a
fenfible angle at the eye; and it is from this  angle
ADC that we judge of the apparent fize of the fun.
The meafiire of that angle is about 32 minutes,

This figure likewife fhews, that the larger the
Pupil is, the brighter will the obje appear ; becaufe
the 15 arger the pupil s, the greater number of rays
i’ Will receive from any fingle point of the objeét.

Since in nature an obje@ which is near appears
larger and brighter than a fimilar obje& fituated
fdrther from the obferver; therefore, whenever the
“PPearance of 2 given objeét is rendered larger and

fighter, we always imagine that the object is nearer
s than it really is.

Of a Spherical Convex refieiiing Surface.

The objeés reflected from fuch a furface appear
Vays fmaller than natural, always ere®, and al-
s as if they were behind the reflecting furface.
he objets never appear exaltly of the true
apc—, If the objet be a right line, or a plain fur-
€ the j image or appearance of it will be a curv
* Or curve furface, becaufe the different pomts

o the object are not equally diftant from the re-
ﬂe&or.

nt‘

Incident paralle]l rays, viz, fuch as come from
very
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very diftant ebjedls, are

v,
their diverge uch, that it they be prodiiced
& i

behind the refle

{urface, they will meet atthe
diftance of halfithe radius of convexity ; that point
is called the wirtual focus of thole rays, and the

- principal focus of the reflector.

Diverging incident rays, viz. fuch as come from
near and fmall objeéts, have their virtual focus
nearer to the refleting furfice than half the ra-
¢lus,

When the incident rays are converging, if the
diftance of the luminous point from the refle&ing
furface be lefs than half the radius of convexitys

the reflected rays will bave a real focus before the

fuiface : otherwile they will have a wirtual focus
behind 1t

The reflefting {urface mult be underftood to be

a fmall portion of a large fphere; for, firictly fpeak-
ing, the rays refleéted froin a convex furface, can-

not have a common virtual focus, and the mult-
plicity of their foci increales with the fize of the
fpherical portion. This property will be rendered
more apparent by what will be faid in the follow~

ing paragraphs concerning the concave refleSor.

Of a Spherical Concave Refleting Surface.

1f a luminous object be fituated at the centre of

concavity, (for which purpofe that obje& ought ©
i pe
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be a fingle point) then all the rays which fall upon
the concave refiector will be refetted {o as to meet
3t that fame point, or centre, or focus.

Rays which come from any other point, cannot
be all refle@ed to one and the fame focus. Thus
in fig. 8. Plate XIX. AB re prefents . the concave
feflector, Q_is the objett or radiant point, and ffff

~

90 reprefent the various foci of the refleted

Fay

Th
by »

s, which form the two curve lines fff oso.
ofe curve lines are called cauflicks; or cauftics

-_/ ' hw' .

The rays which are refleéted from the middle-

Molt part of the reflector, viz. from that part which
5. more dire tly oppofite to the radiant: point, (as
the part C D) meet or have their focipreity near
0 each other, and the narrow fpace, within which

ey meet, is confidered as the focus of thofe inci-

deng rays. On this account the concave reflectors
Which are commonly made for optical or other phi-
l("%lucwi purpofes, generally are {mall portions of
ge {pherical Lu--i'accs; for whether the refleCtor is
to reflect |; frl t or heat to a p.".:hcuml pLJ.Le, as at F,

the Portions CA and DB will be quite ufelefs.

“ Buch caufticks may be feen upon the furface of milk,

" Upon any opaque whitifh mixture of liquors contained in

< h}'l
ite Chll.:hLup, oru

oon the bottom of a fnuff-box, whofe
Tis

M is well polithed, when the light of a c:mdle, or of the

fun i
0, > O of .a remote window fhines upon it,” Dr. Smith’s
Plicks, B, 1. Chap. IL
Therefore
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Therefore in the following paragraphs, by 2 concave l
refleftor, muft be underftood a fmall portion of 2. |
large {pherical furface.
“ The radiant point, or luminous point, from which |
{ the incident rays proceed, is alfo called a focus, |
like the point in which refleted rays meet ; but the
‘ former 1s denominated the Jecus of incident . rays,
:‘ Wr whilft the latter is called the focus of reflecied rays.
“ " A line which is fuppofed to pafs through the
centre of the reflefor, and through the centre of
the fphere, of which that refleor is a part, is called
the axis of the refle€or,

\ When the incident rays are parallel (viz. when
: { the focus of incident rays is very remote) then ‘the
" focus of the reflefted rays is before the refleftor at
the diftagge of half the radius of concavity, from
i the reflecting furface, and in the middle of that ra-
divs to which the incident rays are parallel, This
. diftance is called the focal difance. Such a focus
of refleted rays, viz. when its diftance is equal to

half the radius of concavity, is called the principal
4 Jocus of that refe@or.

| . The nearer the focus of incident rays comes to
1 the furface of the refletor, the farther will the focus
' of refleCted rays recede from that furface; in fhorts
thofe foci move in contrary directions (1).  When
) ; the

| (1.) Of the following three quantities, viz. the diftance
of the focus of incident rays, the diftance of the focus of re-
b dedied
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the diftance of the focus of incident rays is equal
10 half the radius of concavity, then the rays will
be

—~—l

fefieq rays, and the radius of concavity or convexity, when
tWo are e given the third may be found from the following
ar,a]c,,,\ , which applies to convex as well as to concave {phe-
Fica] lcﬂ_—fio.r:,.

€ The diffance of_the focus of incident rays from the
Pfingipal focus, half the radius’ of the refleéor, and the dif-
Qnce hetween the principal focus and the focus of refleéted
Rays, will be in continual proportion,

“ Suppofe the reflettor to be concave, and the rays to
dlverfm from a focus, the diftance of which from the furface
= (.7.

“ Let the radius of the refle®tor = r; we have, by the

roor R i

pret(fdinn‘ ru]B, d —— e S O et & 111 diﬁance
e 2 2 2 4d—2r

thEen the focus of reflefted rays and the principal.

QCU.S

“ The focus of refle@ed rays is in this cafe between the
prm"lpul focus and the centre of the refleGtor; wherefore,

addmg -%- to the quantity laft found, we have ;;_—2;

r 2 " 3
2 4dr—27 g e .

T = —+- — = for the diltance of
2 8 - 4r 2 g e

the fJiLzs of reflected rays from the furface..
* This folution extends to all cafes of foci formed by
Hedion from 2 {pherical furface, by changing the figniof
:‘whcn the reflé@or is convex, and of 4, when.the rays
“"Erge to'a point, the diftance of which from the furface
%3 thus, if rays converge upon a concave refleGor, the
s of which is 30 inches, and focus of converging rays
fliould
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be reflected parallel to each other; ,and when the
above-mentioned diftance is lefs than half the radius
of concavity, then the reflected rays will not meet 18
a focus before the reflector; but they will proceed
divergingly, viz. their virtual focus will be behind
the reflector.

When an object, as OB, fie. g. Plate XIX.
is fituated before a concave reflector A R, the rays
which depart from any point, as O, and fall upon
the reflector, are thereby refleéted in a conyerging
manner, fo as to crofs each other at T ; alfo the rays

“ which proceed from any otlier point, as B, are like-

wife reflected to a focus or point M ; and the like
thing muft be underftood of the intermediate points
Now becaufe thofe foci are fituated nearly at the
fame proportional diftances from each other, as the
correfpondent radiant points are in the obje& OB
therefore it is faid, that an image of the objeét 8
formed before the refleftor; but it muft not b€
imagined that a fpectator fituated on one fide, 2
at C, can fee the image IM ; for though the rays
of light meet and crofs at T M, yet they pl'oceed
ftraight on beyond that place, and, of courfe, cannot

-

fhould be 10 inches from the furface, the foca] le ength ré”
—dr dr

—2d—1r " 2d 4 r

quired will be

in the prefent cal
__ 30X 10
T 30+ 20
page 58,

= 6. Atwood’s Déff[’ii‘;t[m] of E:cperimeﬂts’

comé
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“Ome to the eye at C. The meaning then of an
1

Mage being formed at TM, is that if a [olid opagque
f“bﬂﬂnce, as a flat piece of paper, be placed at 1M,
then the image of the object Will be formed on that
{?d': of the paper, which faces the refleCtor, and this
Mage will be feen by an eye at C, ‘becaufe ‘it that
Cafe the rays of light are obfructed in their dired
EfJurfc. No image, or & very indiftinét one, will be
‘ormed, if the paper be placed nearer or farther
'om the refleétor than the proper place.

Alfo, if an eye be fituated before the reflector, as
WD, the refledted rays of light will come to it
W.“:h' the fame inclination as if the object ftood at
,.M’ but in an inverted pofition ; hence 1t is faid,
et an inverted image is formed before the re-
€Ctor,

This Jikewife fhews what is meant by the ex-

'r I . . -

Eﬁﬂion of an image- being formed behind a re-

fleq T
LOY »

_ 3 natnely, that the reflefted rays come to
fm_"Yﬁ with the fame inclination as if the object it-
“Wwer fituated behind the reflector.
. When an eye views an object diredtly, the quan-
t?tyj of lisht which enters the eye from any fingle
P:\)mt of the objeét, is a pencil whofe bafe is equal
t:;z'er;‘&upil orapertu rf f)f. t.hc eye, and Jthf:. fa.f?c is
S afe Wh.en the object is viewed by 1‘e§u.?€t10n from
A€ mirror; but when the mirror is concave,

then Oy :
of 1 N account of ‘the inelination which the rays
- 18hE fuffer to

wards eac er, a ereater quan-
8658 ds each- other, a g q

light from each fingle point of the object,
en ters
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enters the pupil. This is clearly thewn by fig. 104
11, and 12, Plate XIX. the firft of which rep re”
fents a direct view, the fecond a view by the reflec
tion from a flat refleCtor, and the third a vwiew by
refleCtion from a concave reflector; of the fame lu-
minous point A.

Hence it is, that an image formed by reflection
from a concave retlector, may appear a great deal
brighter than the object itfelf,

The image of an obje&®, formed by refeétion
from 2 fpherical {urface, is never exaély like the -
original objeft. Thus the image of a ftraight lin€
is not a ftraight line; bur a conic feétion ; and the
kind of the curve is determined by the diftance of
the object.

The intenfity of the light, or of the heat of the
fun, which is produced by the colleéted rays in-the
focus of a concave fpherical reflector, is faid. to beé’
as the fquare of the diameter of the reflector di-
rectly, and as the principal focal diftance inverfely-
Thus, if two refletors, A and B, have the {ame€
radius of concavity, but the diameter of A is 6
inches, and that of B is 18 inches, then the intenfity
of light or heat at the focus of A, is to that at the
focus of B, as 1 to g. = This proportion mult nofs
however, be confidered as exact.

The property which a concave refleGor has of
forming an image of an objeé before its furfaces
has been frequently ufed,’ either as a real or as 3
entertaining deception ; and contrivances made upo®
this ‘principle have been frequently thewn for moacy

s cn
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in London and eMewhere. The following is an
eafy conftru@ion of this fort.

A concave mirror, about a faot in diameter, is
fituated behind a partition FD, fig. 13. Plate XIX.
and a hole either circular or oblong, 'of about feven
inches in length, is made in the partition. An in-
Verted obje&, for inftance, a flower, is placed at
E, behind the partition, and is illuminated by
Means of lamps laterally fituated; alfo a pot or fland
iy placed at D, before the partition. ~Now the
diftance of the partition, flower, &c. muft be {uch
& to form the reflefted image of the flower juft
O%er the pot or ftand D. Then an eye fituated at
C, and looking ftraight through the hole in the
Partition, will perceive an image of the flower at I;
Ahd when the light is properly managed, viz. that
10 extraneous light interferes, the illufion is {o great,
that the f] pectator will frequently extend his hand to
8fafp what he thinks to be a real flower at L.

Refleting furfaces have been made of various
ﬁmpes, fuch as cylindrical, conical, &c. but the
Only” ufe that can he made of them is to furprize
People by fhewing them a regular figure reflected
'°m an original deformed objeét; the principle of
j"“lich may be eafily comprehended. For inftance,
" You place a regular objed before an irregular
fleCtor, the reflected image muft evidently be

i_e;ormf-‘d; therefore, if the obje&, fuch as a
iCture,

: &c. be drawn purpolely deformed, accord-
g

€ certain rules (which may be eafily derived
VoL, 1, M either
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either from a due confideration of the form of the
refleor, or by trials) then the refle@ed image will
appear regular. Such deformed figures (called ana-
‘morpho{'es) are fold by the op lCIIl"lS, together with
4 cylindrical or conical refleétor °
There is one fhape, however, for a concave re-
fletor, which is fuperior to all others, and that is
the parabolical ; for, as may be eafily deduced
from the Elements of Conic Seftions, when rays
fall upon a parabolic concave reflector; paralle] to its
axis, they are all mﬂcﬂ:cd te one and the fame
point, namely, to the focus of the parabola, without
miny thofe cauflic curves which are produced by
fphcncal concave refleCtors. But the mecharical
difficulty of forming a well polithed parabolic re-
fle®or is very great, and indeed there 1S No certain
known method of forming it
The refle@ion of light from polithed furfaces of
almoft all bodies, takes place not only when the in-
cident rays, which proczed from the objeét, pafs
through the air, and fall upon the furface of the
liquid or folid; but likewife, when the rays travel
through the liquid or folid itfelf. Thus, let a fpeck
A, fig. 14. Plate XIX. be in a lump of glafs
B CDE, an eye fituated at F' will fee the fpeck in

2\

. T R ¢ 1T o {ee
# For the methods of drawing thofe diftorted figures, fe
W

Dr. Smith’s Optics, B, II. chap. 12, Prieftley’s Hiftory
of Vifion, Light, and Colours, Part IL. Sed. V. as alfo

moft other writers on Optics. e
th
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the dire@ion FG ; its in¢ident light AG, being re-
flected by the furface BD ; and this refletion be-
Comes very flrong or total, when the angle of in-
Cidence, AG H, exceeds 40° The fame thing
takes p}ﬂce in water, and other tranfparent bo-
dics* Of this more will be faid in the pext chapter.

A common flat ‘refle&or, or locking glafs, con-
fifts of a fat polifhed plate of glafs, to one fide of
Which a plate of tin foil is made to adhere by means
of quickfilver. In confequence of this conitruétion
the looking olafs makes a double refleion of every
object, viz. one from the upper {urface, which is
the weakeft, and another from ‘the under furface,
Which is contiguous to the tin foil. When a perfon
ftands juft before the glafs, the two refleétions coin-
Cide, and he perceives one image ; but if he ftands
Oblique, as at A, fig. 15, Plate XIX. and views
the refietion D, of an object B C, fituated on the
Other fide, he will then perceive two images, viz.
One caufed by the upper, and the other caufed by
the lower furface of the glafs EF. If the objet
BC be very luminous, fuch as a lighted candles
then the eye at A will perceive a great fucceffion of
Candles at D, gradually decreafing in {fplendour; the
“Aufe of which phenomenon is, that the ftrong re-

€ltion from the under furface of the, glafs is again

*
When a ray of light thus pafiing through a medium is
Lﬁcded by its furface, that refl=&ion will be {tronger the .
*4rer the other medium js which furrounds the former-

M 2 reflected
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refleéted from the upper furface, and this again by
the lower, &c.
~~ There is no fubltance fo perfe@ly tranfparent,
but what contains fome fmall opaque or refleéting
particles, which featter part of the light that
would otherwife entirely pafs through, This is the
reafon why we fee the direction of the light, which,
entering thiough a {mall hole, pafies through the air
of a room, viz. on account of the refledling parti-
cles of fubftances that float in the air. Hence we
fee light in a room out of the real dire@ion of
the rays which come from the aperture, or win-
dow, &c.

When light falls upon a body, and is thence re-
flected, it is fuppofed that the refleétion takes place
not exactly ac the f{urface of the refleting bodys
but at a litde diftance from it.  One of the proofs
of this {uppofition is, that bodies which are made
fmooth by art, reflect light regularly ; though their
furfaces, when narrowly examined by means of
a magnifier, will be found full of fcratches ‘and
holes. '

Wie fhall conclude this chapter with thé deferip-
tion of a pra&ical mechod of mealuring the angles
of incidence and reficdtion, and 8. méthod of mea-
furing the quantity of light which is loft by reflec-
tion. _

There are {everal ways of meafuring the angles
of incidence and reflection, but the following is on€
of the ealieft. Let ACB, fig. 16. Plate X1X. be 2
: femicircles
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femicircle, divided into twice go degrees. AB re-
Prefents the {ection of a flat refleGtor. Cover the
furface of this refleGor with paper, excepting a very
fmall circular fpot asat D. Place the fenncu'clc
Perpendicularly upon the refle®or, and with 1
Centre in the middle of the uncovered fpot D of the:
refleGtor.  This done, fix a pin or other {mall ob-
Je& clofe to the edge of the femicircle, for inftance,
at E, the goth degree; then move your eye along
the fide A FC of the fcmicirdc, and you will per-
Ceive the objett E reflected by the refle&or D, only
When the eye is at F, viz. at the goth degree of
the quadrant AFC; whence it appears, that the
angle of refleftion, CDF, is equal to the angle of
icidence E D C.

Bouguer’s methods of meafuring the quantity of
l‘gllt loft by reflection is dciu bed by Dr. Priefiley
N the following manner. * He placed a mitror,
“or refleing furface B, fig. 17. Plate XIX.
on which the experiment was to be made, truly
uprieht ; and having taken two tablets, of pre-
Cifely the fame colour, or of an equal degree of
Whitenefs, he placed them exactly parallel to one
anather, at E and D, and threw light upon them,
by means of 2 lamp -or candle P, placed in a
tight line between them. He then placed him-
felf o that, with his eye at A, he could fee the
tablet E, and the image D, reflefted from the
Mirror B, at the fame time ; making them, as

3t were, to touch one another, Fle then moved
M3 “ the
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the candle along the line ED, fo as to throw
more or lefs light upon either of them, till he
could perceive no difference in the ftrength of
the light that came to his eye from them. 'After
this he had nothing more to do than to meafure
the diftances EP and DP; for the fquares of
thofe diftances exprefled the degree in which the
refleftion of the mirror diminithed the quantity
of light. It is evident that if the mirror reflected
all the rays it received, the candle P muft have
been placed at C, at an equal diftance from each
of the tablets, in order to make them appear
equally illuminated : but becaufe much of the
light is loft in reflection, they can only be made
to appear equally bright, by placing the candle
nearer to the tablet D, which is feen by refleétion
only.

“ To find how much light is Ioft by oblique re-
fleCtion, he took two equally polithed plates, D
and E, fig, 18. Plate XIX. and caufed them
to be enlightened by the candle P ; and while
one of them, D, was fcen at A, by reflexion
from B, placed in a pofition oblique to the eyes
the other, E, was fo placed, as to appear conti-
guous to it; and removing the plate E, till the
light which it reflected was no ftronger than that
which came from the image of D, feen by re-
fleftion at B, he. eftimated the quantity of light
that was loft by this oblique reflection, by the
15 fqul‘afﬁ
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fquares of the diftances of the two objects. from
the candle.

A0

({4

“ I need not add that, in thefe experiments, all

8 -
{U‘{t‘igﬁ

licht was excluded, that his eye was
fhaded, and that every other precaution was ob-
ferved, in order to make his conclufions un-

sirinnakla® 2?2
qutiarf)::nuk =

114
L1

Nocv.-idii?j.mdi.ng all thofe precautions, it muft
be acknowledged that the above-mentioned method
of meafuring the light loft by reflettion is by no
Means very accurate; nor do I know of any other
lef objectionable. The principal fources of inac-
Quracy are, the difficulty of determining, by the
Jdoment of the eye, when two objects appear
®qually bright, and the want of an accurate expe-
fimengg] proof to confirm the propofition, that light
Tally decreafes in proportion of the fquares of the

ftances from the luminous or radiant point.
k

B . Prieftley’s Hiftory of Vifion, Light, and Colours,
VA VI, Sedt. IIL

M 4




DIOPTRICS, DR OF REFRACTED LICHT.

T HE objett of this Chapter is to ftate and to

explain the various effeéts which arife from
the refraction of light through tranfparent me-
diums.

When a ray of light paffes from one medium
into another, in a direGion ﬂ'rpendlcular to the
contiguous furfaces, or to the Junétion' of the two
mediums, then that ray procee ods £ raight on,
out any deviation from the ftraight line.

WILI

But when the ray pafles from one medium int0

another medium of different (i nfity, in a direc

tion oblique to their contiguous flirf:

aces : then +]1 1€
ray will be bent, {6 as to form a right lined angle at
the junction of the two mediums ; for the direétion
of the ray through either of the mediums is rec-
tilinear, as long as the medium is of a uniform den=
fity ; but if the medium be contint 1; varying in
denfity, like the air of the armo,n] e from the

earth upwards; then the ray of ]m!1 in paffing

through it will be continually bent, viz, it will form
2 curye line,

1% h £n
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When a ray of light paffes from a thinner into 4
denfer medium *, or vire verfa, if a perpendicular
be drawn to the jun&tion of the two mediums at
that point, through which the ray pafles ; then the

ngle which that ray makes with the above-men-

t!ﬁh,- 3

oned perpendicular in the thinner medium, is ge-

than that which it makes with the
me perpendicular in the denfer medium,

This s otherwife ufually exprefled, by faying,
t\hat in paffing from a thinner into a denfer me-
Qum, the angle of incidence is generally larger than

: A

the angle of refraction, and wice verfa.

o

Now it has been obferved, that in the paflage of

_thquc light through the fame two mediums; the

Me of the angle of refrattion always bears the
fime proportion (either accurately or nearly fo) to
te fine of the angle of incidence. Alfo.in paffing
th'ﬁwh any two.other mediums, the fine of the
a\m ¢ of refraftion likewile bears a certain propor-
tion (either canftmtl; the fame, or nearly {0) to the
Ne" of the ancle of incidence; but hc ratio of

L T : :
hof two: fines in the latter two mediums, is dif-

fent from the ratio of the two fines in the former
;’\'0 mediums, All this will be illuftrated by the
Ouo“’iﬂ% explanation of fig. 1. Plate XX,

®® FGX Z be a quantity of water. B repre-

€h
' 2 narrow tube, ¢ through which the fun {hmes,

\\* i

%
Not al) the light incident upon a tranfparent body pafles

but a portion is always refleGted from its furface.
dnd

throueh -
Tough it,

e e ey

o it -
m e muams

I T

e

e
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and, on account of the oblique fituation of the tubs
the fun’s light muft fall obliquely upon the water af
C. Then that light will not pafs through the water
along the line CZ, which is in the fame ftraight di-
rection with BC; but it will pafs in the dire&ion CD»
(which may be clearly perceived, efpecially if che
water be not very clca'n) making the angle of re-
fration DCE, with the line ACE, (which i
perpendicular to the furface of the water, or to the
boundary of the two mediums, viz. water and air)
lefs than the angle of incidence A C B.

Otherwife, fuppofe that various objedts, for in-
ftance pebbles, be placed below the water, and that
an obferver at P, locks through the inclined tube
B ; then the obferver will perceive, not the pebble
Z, but the pebble D ; whereas, if the water wer€
drained off, then he would perceive the pebble Zs
and not the pebble D.

If a circle FHE be defcribed about the centr€
or peint of incidence C, in the fame plain with the
lnes BC, CDj; and from the interfeion H of
the circle with the incident ray, a perpendiculaf
HK be dropped on the line A E ; then HK is the
fine of the angle BC A. Alfo, if from the inter
feétion I of the circle with the refracted ray, a per-
pendicular 1L be dropped on the fame line A E3
then 1L will be the fine of the angle DCE.

Now it has been found that the fine I L is alway®
nearly three-fourths of the fine HK, let that fine b€

what it may } for inftance, if the tube B be pla‘?"f‘1
af
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F‘E_ M, then the fine of the angle of incidence MCA,
Will be OR ; and the angle of refraction, or of the
angle in water, will be YCE, whofe fine 15 Y Q;
3d Y Q will, as above, be nearly three-fourths of
the fire O R,

It is évident that when the incident ray comes
3long the line ‘A C, the angle of incidence, as well
% its fine, vanifhes or becomes nothing; confe-
Wently the angle of refraction and, its fine muft
Vanifh g, viz. the ray of light muft proceed
Rraight along ‘the line ACE. Hence it is faid,
that there is no refraction when the rays of light
e,nt‘*r a medium in a diredion perpendicular to its
jurﬁ’lct‘.

Now if, inftead of water, FGXZ be {uppoled
toe:et] glaﬂ, every tijﬂingAcii}: 1:551’1?-.'m'1ng % b:}’or'.e,

he difference of refult will be, that the ratio
o _:ht‘f fine of refra®ion to that of incidence is (not
Bt was in the cafe of water, viz. 3 to 4, bug)
n?ur]}' as 2 to 3; viz. the angles of refraétion
Will be refpectively fmaller when FGXZ is glafs,
i N when i is water. And if, inftead of water or
:_DE?{S:MF G X Z were a diamond, then the angle of

1?“*011 would be fmaller flill ; viz. the fine of the
?r];%l]e %n the diamond would be to the fine of the

Si€ 10 air, nearly as 2 to 5.

A confiderable variety of tranfparent fubftances

= _bt‘frn thus examined with refpeét to their re-
live properties. ‘Their peculiar refraltive powers

Will be ftated in the fequel. :
b |

|

-t r et =

T u
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In the above-mentioned example; the light (fof
inftance, of the fun) which paffing through the tub

B, falls upon the water at C, is not only bént, btk

orof Refralted Li

alfo enlarged in a fe@oral manner, and its enlarges

i ment s in the plain CIEB. Tt is alfo remarkable

b that the refra®ed, and énlarced or

> W

1s not of one uniform colour, b
with the colours of the rain-bow.

In fig. 2. Plate XX. which is intended to illuf

trate this wonderful property, 1C is fuppofed ©
be a fmall beam of folar light, which paffes throughh
the air, and - enters a refracting medium at Ge
Through that mediom the beam of light will be
ipread in the fe&oral fthape, vCr, which is called
the angle of difperfion, ov diffipation, and which is it
felf divided into fmaller fetors of different colourss
viz. next to the upper line Cr, the light appeaf®

red, and thence it 1uall

dually degenerates into orang®
yellow, . green, blue, indigo, and Ia.‘i”{lj.’_.' violeh
which is neareft to the lower. line or boundaf¥
Co.

Now a line C, thr ough the middle of the angt

o

v Cr, is the mean dired ‘tion of the refradted lr’f'['

and m e is its fine, or the fine of the mein angle e of

refraction ; whereas © fand 74 are the fnes of the
itremes, oi" which v f is called the fire of the mil
§ angible colunry and v d b be fine ¢ of the lcaff 7 refra f"'”
coloiy,

i This feparation of the white or colouglefs light
, into various colours, induced Sir Ifaac NL‘W[OS
B L
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0 conclude, - that white light ‘confifts, or is a mix-
tre, of different coloured rays, which being dif-
fer ently refrangible, are of courfe feparated by the
Tefradting medium. We fhall prefently treat of the
Wmber and other properties of thofe colours.  But
'* muft for the prefent be remarked, that through
the fame medium, the angle of diffipation is always
Proportionate to the mean angle of refrattion, and
?f Courfe when the mean angle of refraction is very
fnall, then the angle of diffipation muft be much
Maller, i which cafe the different colours cannot
be diftinguifhed : ' but when the angle of incidence,
and confequently the mean angle of refraction, is
C(?-’lﬁderabij,-' larger, then the angle of diffipation
Wl alfo be fo large, as to exhibit the different co-
Olyg,
“Bnt different refralive mediums have different
Uperfive powers ; for inftance, the angle of inci-
Mice 1C 1 remaining the fame, not only the
ean angle of refraction m C E, will vary according
8 the refia@ive medium A BDG is water, or glafs,
01-. dianlond, &c. but the angle of diffipation 2 C#
Will a1, vary. And in fome refrating mediums
e Mean angle of refraltion is larger, whilft the
f‘“g}e of diffipation is {maller; and in other refract-

in ! &0
S Mediums the mean angle of refraltion is fmaller, .

?'il'ii the angle of diffipation irS 1—1!.‘%‘?1' »In fhort,
e Nowledge of the mean refraftive pawer ‘}f. -
.1 fubftance will not enable us to determine its
Pperfiye power, and vice ver/a.

Heat
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s ;
Heat or an increafe of temperature generally i \

creafes, but not much, the refraQive power of tran®
fparent bod:’es, efpecially of fluids.

The following table contains the mean refractio?
from air into the following mediums, The firft 0
lumn contains the {ubftances; the fecond exprefic?
the fine of the angle of incidence, that of refractio?
being reckoned one or unity ; and the third colun®
exprelles the difperfive powers in proportional num*
bers, that of water being reckoned 10c. This
the fine of incidence is'to that of refrattion from®
air into flint-glafs, as 1,5998 to 1, or as 1,6 to ¥
And the difperfive power of the fame glafs is @
that of water, as 227 to 100 ¥,

TR T e e N e

* T'he varicus articles of this table have been ﬂ'l-’:ﬁfd
from the experiments of Newton, Euler, Zeiher, Haulk{be®
Martin, Rochon, and others. A vaft number of other ful”
ftances might have been added, fuch as folutions of falé

| decofions or infufions of woods, &c. but thefe have bee®
omitted principally on account of their indefinite and AU
tuating quality.  See Diffilled Finegar in the Table.

An idea of the real quantity, of the dilperfive’ power ¢
flint-glafs may be derived from the fu]lowu.tr nmculﬂf
The fine of the angle of incidence is to the fine of the 2 ang’
of refradtion of the leaft refrangible or red rays from aif ”'to
flint-glafs, as 1,5889 to 1; and the fine of ¢ of "lc
dence to that of refraltion, of the moft refrangible of yiok’
rays, as 1,0107 to I, Of this more hereafier.

JE Ang

‘:.‘

%}'I]_i[s




Sine of {Difi-
inci- | pa-
. dence. | tion.
- l1,6c0180
- - 12,028/709
.o 8.2 - 20|52
Glagg made of minium, : : I’S.-?, 2
o : 1 ¢ 1 - |1,787(482
1Z. red lead, and flint, § e :
In the proportion of SR s
s I 1 - 1,924265
F ST 1,664'200
®mmon plate-glafs;, or coach-glafs fp. :
it TR g S R Sy kLT
"Own_olafs, {p. gr. 2,52 - = = l1,532(14%
llow | plaze or Venetian glafs, 1p.
P nr_ 382 - - - - 11,832
Gltlam pabble, fp ar. _,éﬁ e T R S
afs tinged red bV means of gold, for
bamel . - - - - -|;7150290

1S of Saini Gobin in France - = |1,543|149
34 T y z - 2 v
diamond § by Newton - 2,439

] by Rochon - - -12,755/286
B M )
Rock croftal G e { 1,561[121
g I,575|¥24
S_\T ewton - - - 1,666
il 1 52116
tang ¢ ftal { Rochon = - {“ 1356 oo
& 1,6251233
e L. aoo - =gk
: Yellow pmuffo topaz - - = - 11,643
&i“ S of antimony - - - - ~-1,889
m et e L 8
o - =iy
Tfol’« trﬁDiJquhf minerals have a double and often a
¥el] = 3
tiple refr, Yion, viz. an objed, feen through a piece of

7}

; ‘I‘C[T‘a appears double or treble, &c. and each refrac-

tion ; s
S *‘tfe‘meri with a different dif perﬁon. This effeét is

—I I ) o] -
. Y evident in the Ifland Cr ryit here are fome other
I"fnn eaney
_ “'harent mineral bo wlies, w hJ- h alfo have a double or even
] ’“L'iii;';c :

Nitre

ey
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Nitre - - -
Camphire - o=

Guin arabic - -
Elutds.

Diflled water =

Rain water o =

Well water between 1,336 and « -
Water {aturated with common fait - -
Suolution of common falt, water 27, falt 1

Solution of fugar, water 27, fugar 1

Solution of mineral alkali, or foda = -
Solution of fal ammonilac
Solution of vegetable alkali, or pot-afh

Lime water - -

Sulphuric acid = S S i
Withic acad - V= 52 = = -
Euler i I
Diftilled vinegar ¥ Rochon - - -
Haukibee o e

Ammenia, or ca iflic
Spirit-of hartfhorn -
French-brandy - -
Ditto, a Fc.cm:rﬂ kind

volatile

alkali -

I—irfth} rectified {pirit of wine; ot .du)hol

Qil of olives - (.
Oll Dl Wax - Y
01l of lavender

Oil of cinnamon
01l of faffafras -
Oil of tu*—‘pt‘ntiz‘ 8
Sﬂlr‘t of turpentine
Oil of amber - -

|}

The cryftalline-humour of an ox’s eye

I!,465

— el e
. N A 4 A
G Go oo

O\ GOt

-
B Co ND GOl o B

2 NP O B

e

w
R

"

f.;‘.;sba(.:aw:,_wwr:.;_p%f.‘ac.aua
iy

~JF L3

[ T T o T T S O i R
-

v A
M
o

g
e
= OO

==
[

S
VI
~I O

=
3=
(&1




Divptrics, or of Refrafied Light, 179

i S‘]ns'of

dssors

. - T, i = 68

The white of 21 cge { I}El‘;llf]i{bge - - ;3351
Viewms . . . -log9g74
P i

The fol lowing . obfervations on. the foregoing
Wble are defe rving of notice.
Upon the whole it appears, that the denfer bo=
188, viz. thofe of greater fpecific gravity, refract
r bend the licht more than thofe which are lefs
“enfe; e excepting (asSir Ifaac Newton expre! fles itt)
tay unétuous and fulphureous bodies refralt more

4
40 others of the fame denfity,

v

There is no fubftance that has an intermediate
Ie : - 001,
Fragtive power between air and rain, or diftilled
\.,_‘\__—7

- ¢ ~ - . . - - -

“This refrachion of the air is determined by that of

the if light pals

h
"uph ever fo many refraling mediums, which are gra-
d“a]]}r

-LLmO.!)l‘frC obfer ved ]‘.\r nn'Ol‘ﬂ"ﬂ(‘rﬁ. Fo

denf ‘er and denfer, the fum of all the refraétions will be
“qual o the fingle refration + which it would have fuffered in
DA
P “‘“g 1"nt1.{.d ately out of the firft medium into the laft,
nd
thfrcforc thewhole refradtion of light, inpafling through
% tmf"‘“h““", muft be equal to the refraétion which it
Dy}
& 4 fuffer in paffing, at the fame cbliquity, out of a va-
u . :
<k Immediately into air of equal denfity with that which

1~‘= in "
the loweft part of the at-ng,l)her‘.. . Newton’s OPIICS,

"I Part 11, Prop. 10,

t Optics, B, 11, Part III. Prop. 10,

VoL, i, % water,
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water. The refraltive property of the diamond 18
greater than that of any other known fubftance™
Spirituous liquors have a greater refrative powef
in proportion fo their fttength, Spirit of turpenting
is the moft refra&tive of the fluids.

It is now neceffary to examine the colourfd
hight itlelf, viz. the various colours into which whit€
light (like the folar light, candle light, &c.) is dir
vided by refraction. And fince this divifion, of
the angle of dilperfion in a given medium is pro”,
portionate to the angle of incidence ; therefore, i
order to examine with more accuracy the diEc1‘CHE
colours, &c. it will be nec=fiary to let the light of
the fun enter through an hole in a dark room, and
to let it fall upon a refralting medium at a great
angle of incidence. * For this purpofe, glafs prifm?
have been found to be the molt ufeful.

# This property induced Sir Ifaac Newton to conjee”
ture that the diamond is a fubftance of an unGuous gualitf?
like oils, refins, &c. meaning of a combuftible qualitf?
which was fome years after actually verified by experiments*
Optics, B. 1L Part IiL Prop. 10. But the fame co”
jectarey deduced from other principles, is mentioned by
Boetius, previous to Newton, He oblerves, that waterf
fubtances will adhere to ether watery fubftances, but not
oleaginous bodies, and that eleagincus bodies will adhere 10
other oleaginous bodies; then adds, « Quod itaque mafti¥s
¢ que ignee natare eft, adamanti facilejungi pofiit, ﬂgﬂU'.ﬂ
« eft id propter materiz fimilitudinem fieri, ac adamant’®
¢ materiam jgneam, et fulphurcam effe.” Gemmarum et
Lapidum hiftoria, L. Il Fig:

4 &
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ig. 3. Plate XX. reprefents a triangular glafs
Prifm, viz, a lump of glafs having two trian-
8ular apg paralle] bafes ABC, DFE, and three
fag paraliclepipedal fides*. AD, CE, BF; are
'® angles of the prifm., A line which p"tﬁcs
throy ugh the centres of the bafes is called the avis.
W }‘“P a beam of light pafles through the prifm; by
“‘Ittnnc it one of its parallelepipedal fides and
S0ing out ar another; then the angle formed by
thop two fides, is called the refraffing angle of the
pJﬂ'

A B, fg. 2. Plate XX, reprefents patt of the
ﬂmt:er

li%ht

of the window of a room, wherein no

(Ot enters, excepring what comes through the
Wle

If this light, fuppofing it to be the light
of the

fun, be received upon a fereen at any diftance
Om the hole, as at F, an image of the fun, or'a
C“C"Lll luminous fpot, will be formed upon the

Teen, which is larger in diameter than the hole

\—‘

o i ,

. Prifing are alfo made hollow, (viz. the fides are formed
of
1‘ Hae plates of glafs) and are filled with different fluids,
n

" Oider to determine the refraflive power of thofe fluids,

by
- ¢ Bat plates are often made to move between two folid
Stal har Lo .
4 Dales ; by which means the refralling angle of the

Prifin | may be altered at ]lu_ ilure
tl::—:ljt{- in u'.--nLq-l are flf‘,qilk’nil}’ furni’hed with metal

il pins it their bafes, as at A B, Fig. 6. Plate XX. by
:’:::.h means they may be commodioudly turngd about their

N 2 at
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at C, and that principally on account of the diamete
of the fun; for the rays of light which depart fro®
the various points of the fun’s furface, and pafé
through the hole, muft crofs each other at that placés
and muft proceed divergingly, or in a conical form
within the room,

Place a glals prifm D OE before the hole, 0
that the light may pafs through it in a direction
perpendicular to the axis of the prifm; and inftead
of going ftraight from E to F, the light which
comes through the hole will, by paffing through the
prifm, be bent and difperfed in fuch 2 manner as t0
form a coloured fpe@trum G H upon a fcreen, which
may. be ficuated at any diffance from the prifim, buf
below the ftraight direction CF. The angle FE S
made by the ftraight direfion, and the mean. di-
rection of the refracted light, is called zhe anple J
deviation, -

The fpeftrum G H (moft beawsiful to the eye)
1s about five times as long as its breadth, and i
terminated by femicircular ends. The higheft
part G is of a beautiful red colour, which, by
infenfible thades, degenerates into an orange, then
2 yellow, a green, a blue, an indigo, and a violefs
which is the colour next to H, viz. at the loweft
pare of the fpe@rum.

From thofe denominations it appears that the
~colours of the above-mentioned {pectrum are fevens
but an unprejudiced fpectator will find it difficult 1
determine their number, Sir Ifaac Newton reckoned
the?
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t‘t‘?m feven in number, and confidered the interme-
"2te thades as heterogeneous colours, or mixtures
O fome of the feven *; - Nollet thought there was
"alon to conclude that the orange, the green, and
the indigo, are the three fimple, or homogeneous
Solours t. Some perfons have acknowledged five
Plimitive colours. Others, obferving that all forts
°f colours may apparently be formed by mixtures
o ted, yellow, and blue, in due proportions, have
Mitted thofe only as primitive, homogencous, or
unmmpoﬁ:d colours. However, certain faéts and
| f‘:“‘ations, which will be mentioned in the fequel,
B Very much in favour of Newton’s theory.

Various methods have been tried for the purpofe
**ndering the colours of the fpectrum diftint or
Tmixeq with each other; but none, as yet, has
_cen attended with a complete effect. The follow-

g 'h@thod {eems to be the beft approximation.
€t the light of the fun pafs through a hole of
OUt one tenth of an inch, into a dark room, and
P90i0g 2 fereon 2t 3 Nittle diftance '(for inflance fix
OQI‘;?E Tithin the room, let the {hh-]dlhemo{'f part
ight pafs throngh a fimilar hole in the
Teen; the objett of which is to prevent in great

1
1

€3 B S .
afure the indefipite light or penumbra on the

% See his Optics,
!'::;T' 'L"’f”’? de Poyfigue, tsme V. p. 388, See allo D*Alem-
£ % ?ﬁ*ﬁ Mathem, tome L. . 303. Rochon’s Rechers
¥ Nature dp g Lumiore des Etoiles fixess

N 3 fides
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fides of the fpe@rum.  Let that light fall perpendi-
cularly upon a convex lens, at the diltance of abou
10 feet, by which means an image well defined
of the fun will be formed upon a fereen placed at #
proper diftance from the lens: but if a prifm be
placed clofe to the lens, fo that the light, after having
palled through the lens, may pafs through, and b®
refracted by, the prifm; then a coloured fpectruf®
wiil be 'j"u:'muc. upon the fcreen, fig, 12.Plare XX«

The long fides of this fpeftrum are very well dé*
Anedd.  Its narrow terminations are femicireulah
and its whole length confifts of circular coloured
images-of the fun, which are intermixed with each
other, cipecially about the middle or axis of the
fpectrum ; yet the moft predominant colours 41
more diftinguithable from each other, efpeciallf
towards the fides of the fpeGtrum, fo that theif
boundaries may be marked with tolerable a¢”
curacy *

Fig. 7. Plate XX, reprefents fuch a fpectrun®
and the lines F M, &a, di, fe, br, &c. are draw?
through the centres of the principal circles belong”
ing to the feven principal colours. The fpact¥
which thofe feveral colours accupy, are aot cqu-'"*l'
- i
Al

¥ For this purpofe the prifm #nd the lens muft be ¥©
formed, and as free from veins, bubbles, lcratc.*.cs, is- B
Every other part of the operation muil i:?'bg
veith great accuracyy excludi ng.cvery other lig? 8t
room, &c. if
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If the length of the {petrum, from I to M, be di~
Vided into 360 equal parts, then the red colour will
be found 1o occupy the fpace MF ba, the length of
Which, M 4, is equal to 45 of thofe parts; the length
%c of the orange, & d ¢, will be found equal to 27
of thofe parts ;uthe length c¢ of the yellow equal
© 48; that of the green to 6o, that of the blue
% 60, that of the indigo to 40, and, laftly, the
®ngth /1 of the violet, /m#n], equal to 8o of
thofe parts.

It is very remarkable that by thofe divifions,
“0e,0.4,0, 1, the line IM is divided very nearly
ke 3 myfical chord. Let the fide 1M of the fpec-
e produced, fo as to make M X equal to
I?_/Ii then /X will be found to be 8-pths of IX ;5
*X will be found to be g-6thsof 1 X; g X to be
$4ths, +X to be 2-3ds, ¢ X to be 3-5ths, 2 X to
€ g- 16ths, and M X to be one half of IX: fo
it:; if 1X were a muﬁca.l ftring, like a Vio‘lin

8 and exprefled a certain mufical tone, for in-
tl?.;n;t C, then the length / X would exprefs D, or

“itCond ; ; X would exprefs E flat, or flac third ;
g.‘x Would exprels F, or fourth; ¢ X would exprefs
4 * Or fifth; ¢ X would exprefs A, or fixth fharp;
"\'uulzml,ld exprefs B flat, orn flat irvcnth{ and MX
rtmm:hiprcfs 2, or Fhfz oftave. But it muft be
f}-‘ec“tr“c{’ that the dw@ons o-f t]le colours of the
., m cannot be obtained with great accuracy ;
;;uﬂ:@‘l if they C.ould always be obta‘ned prelcii'ely

> above, which are exatly as were originally

N 4 given
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given by Sir Ifaac Newton*; yet the arrangement
of the mufical notes, correfpondent with thofe di*
vifions, is by no means regular; a flat third with 2
fharp fixth and-a flac feventh being inadmiffible ina
oftave of mulical notes.

1t is evident that white light confifts of coloured
rays, which have different but peculiar refrangibili-
ties ; the red being the leaft, and the violet the mof’c
refrangible +.  The following experiments will il
ftrate and confirm this theory.

* Opticsy, B, 1. Part II. Experiment V1I,

+ It has been faid above, that the fine of incidence is t¢
the fine of refradtion from air into glafs, nearly as 3 to 24
therefore by inverting the analogy, the fine of ineidence is t9
the fine of refraltion from glafs into air, as 2 to 3. Now, if
the prifm in fig. 4. be turned round its axis, fo that the
beam of light CO may fall perpendicularly upon the fid®
D O, then that beam will not fuffer any refration from C

‘to E; but as it falls c:biique!.',? upon the fide DE of the

prifm, it will, on going out from the glafs into the air at Es
{uffer a refraftion. Now when the fiae of the angle of i”
cidence of the beam C OE, upon the fide DE, was equal
to 50, Sir Ifase Newton found that the fine of refradio®
for the red rays, or extreme part EG of the fpectrush
was 77, and the fine of refraction for the violet or extred®
part EH of the fperum, was 78. Therefore, dividi
the difference between 77 and 48, in the fame proportiod a5
the fpeflrum AG VM, fig. 7. is divided, he obtained (]11:
following fines for the boundaries of the feven different co-
lours, viz. 77, 77% 77% 775 77 2 L T1H 7R T
that is, the fines of the red rays are between 77 and 77 &
thofe of the orange rays are between 771, and 77 ! 1, &

Aftef

T
R
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After having received a beam of light upon a
Prifm SV T, Fig.' 5. Plate XX. place, at fome
diftance from the prifim, two ﬂ.‘lﬁ:.ﬂa or beards, PQ.
29, each perforated with a finall hole X, x; and
beyond the fereen pg place a fecond prifin sv#, in
the fitnation indicated by the figure.  The refradted
l:“’ht will form the ufual fpetrum upon the fcreen
P\L Now, if by turning the prifm SV T gendy
oyt its axiy, you let the rays of the different co-
}dul‘s pafs {fucceflively through the two holes X, #,
and through the prifm sv#, you will perceive a
Circular image of the fun upon the wall or fcreen
¥y, changing colour according to the ray which
Produces ir, and likewife changing place; viz. when
the j Image is red, its place will be, for inftance, Z ; but
When yellow, its place will be higher than Z ; when
8reen, its place will be higher ftill, and fo on; for
the yellow rays are more refrangible, viz. are bent
Wore by the prilm than the red, the green more
than the yellow, &c.

If the light which has been refracted and difperfed
¥ 2 prifm, be received again upon another prifin
AR, Fig. 6. which muft be fitnated in a direction
Perpendicilar to that of the former ; ; the {peftrum
will by that means be removed from its original
ﬁt‘-ﬂf‘on MN, into the inclined fituation ZY, but
ity Breadth and its colours will remain unaltered.

Now if the elongation of the beam of white light
and jes ref:

di

vlutien into different colours, were a mo-
ification of lig ght produced by the prifin only,

[!un
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then the fecond prifm AB ought to expand the
fpectrum in breadth, fo as to form the quadrilateral
broad figure Z % Y 2 ; but inftead of that we find
that the colours and their breadths remain unal-
tered; the {ps@trum has only been removed from
the original fitvation M N, by the refractive power
of the prifm, and the violet rays have been removed
moft, viz. from M to Z, becaufe they are moft
refrangible, the red rays have been removed leafts
viz. from N to Y, becaufe they are leaft refrangi-

ble, and the other colours come in order between

thofe extremes, ;

If the refracted and difperfed beam of folar light
be received vpon a concave reflector CD, Fig. 8.
Plate XX. the dificrently coloured rays will he
reflected to a focus A, where they will form a white
or colourlels image of the fun; but if any of the
colours be flopped by interpofing a wire or fome
other opague and flender body between the prifm
and the reflector, as at B, then the image A will
become coloured with fome mixt colour. This
praves that white light confifts of coloured rays 10~
termixed in a certain proportion ; and th'ac'b)»' a
mixture of the rays of the feven primary colouf$
in that due proportion, white hght is pmd:,yced-
Therefore white arifes from a cerrain mixture of
colours, and blacknefs arifes from 2 ftoppage oF
abforption of all colours.  Beyond the focus A, the
rays are feparated again, and the image’ % €O*
loured.

I
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If, when a fpeftrum is formed by the light which
has paffed through a prifm upon a fereen, a fimail
hole be made through the {creen, and the rays of
one colour only be If‘l‘l‘l“lttf‘_‘d to pafs through it on
the other fide of the fcreen ; then whatever is vmv-.-’cci
in that homogeneous light will appear of that par-
ticular ‘colour. Thus, if the red light only has
Pafled through the hole, then ! blood, or grafs, or
milk, 8. viewed in that light hehind the fereen,
will 2] appear red;, excepring that the blood will
Appear a fironger red than the grifsand the m ik, If
the blue light only has been tranfmitted through
the hole, then the above-mentioned three fub-
Rances will all appear blue ; and the like thing
Muft be underftood with refpeét to the cther co-
1‘mrs

If this homogeneal l]oht behind the fcreen be re-
CEWLd upon another prifim, it will be refracted, viz.
Dfnt but not difperfed by it, fo that it will form
2 cireular {'pot of one ‘uniform colour upon the
fereen,

If two holes at about a foot diftance from cach
Other be made in the fhutter of a.dark room, and
two prifins, viz. one be placed to receive the light
each of thofe holes, two {pedtrums wil thereby

€ formed upon the {creen ; 3:11 by vyning the
Prifms gently rou

1d their axes, the {petrums maybe

¢

fed to fall ane upon the other. Let the yellow
of one fies . 5

* one fpeSiruym fall upon the blue of the other,
L g |

Ad 2t that place the mixture of thofe two colours

will
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will produce a green. Let a fmall hole be made
exaltly at that place, and that green colour will pais
through it behind the fereen, and will form a green
circular image vpon another fereen placed to re-
ceive it. Now, if exactly behind the perforation
of the firlt fcreen you fix the refradting angle of 2
prifin, then the image upon the fecond {treen will
not only be moved from its place, but will appear
oblong with a yellow border on one extremity, and
a blue border on the other extremity ; becaufe that
fpot or image confifts of two primitive colours of
different refrangibilities. The fame thing muf* be
underftood of any other colour formed from a mix-
ture of two primitive prifmatic colours ; for any
two of thofe colours will form, or rather look like,
an intermediate colour; thus red and yellow form
an orange, blue and violet form an indigo, &c.

If the fame experiment be performed with one
folar fpeftrum, viz. a fingle prifmatic colour be
permitted to pafs through a hole in the fereen, and
then be reccived upon another fereen, the jmage
will be of the fame colour, for inftance, green, and
circular.  Now, by placing a prifm behind the
perforation of the firft fereen, the green image will
be moved from its place, bur will not be elongatcd,
nor altered in colour, becaufe that image confifts of
enc uniform primitive colour *,

* Newten's Opticsy B, L Part IL. Prop, IV,

T his,
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This fhews, that though green may be formed
of two colours, or any other prifmqtic colour may
©¢ formed from two other colours, yet each of f thole
Colours in ‘the prifinatic {peétrum Is a primitive,
Uniform or homogeneous colour.

When a perfon looks at any object through a
Prifin, that obje&, efpecially if it be a white one,
ad well illuminated, will appear bordered with
Colours at top and borom 5 the reafon of which is,
that the colours of the light which comes from the
ijff’t, are refracted by the prifm, and more or leis
cording to their different refrangibilities : hence
T10t only the whole image will appear in a place dif-
ferent from the real directions ; but the blue indigc
44 violet colours will be removed more than the
v orange, 8c.  Thus, if an eye O, Pl". g.

et =
‘8le. XX. lodks through the pnlm P, at a piece
ot .Vu’i‘ t

vhite, andat its real place without the prifin,

ill wher the ptifin’is interpofed, appear elevated
10 the place CE, alfo clongited, and terminated
Y coloured fringes at top and bottom; the blue
n“lffﬂ and violet being at top, and the red, orange,
and vellow ar the bottom; for, in truth, the prifm,
; ‘fﬁ’aamg the different colmn's differently, forms
i:f: i_mages of the paper, of which the violet
"“8C Is the higheft, the indigo next, then the blue,
al]e 1:"’:11, the yellow, the orange, 2nd lowelt of
e red i image ; the red rays being the leaft

Iefra ano
gible. - Now it is caly to perceive, that all

thofe
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thofe images are intermixed towards the middle
ghim, where of courfe the paper appears white; but
they begin to be lefs mixed towards im and g
where of courfe the colours begin to appear, &c.

It is neceffary to'mention in this place an obfer®.
vation concerning the refle€tion of light, whiclt
could not have been well explained previous to the
theory of the different refrangibilities of coloured
iavsy for this purpofe we mult alfo premife a ufeful
pradtical method of tracing a ray of light through
a prifin, of in general through any refracting me-
divim. ;

Lét HIK, Fig. 10, Plate XX. reprefent 2
glals prifm, whole angle at H is equal to 60°, and
A B a ray of light, which coming through a narro¥
tube A, falls upon the fide of the prifm at B. DraW¥
1.BG perpendicular to the furface of the prifm &
B, then ABL will be the angle of incidence, which
we fhall fuppofe equalto 38°. Find in the trigon0”
metrical tables, the fine of 382, which is 615663
then, becauft the fine of incidence is to that of re”
fradtion from air into glals, as 3 to 2%, fay;as 3 is
HEE

the fake of avoiding fraftions 3 but it is evident that any

* In this place we have adopted the ratio of § to 2, fof

=)

othier ratio may be ufed 5 and in praice the ratio of the fin®

of incidence to that of refraction for any particular fubitanc®
mufk be taken from the table in page 1765 and when act
curacy is required, the ratio for any particular colout ed 18Y
of light may be deduced from the difperfive property of th¢
fubfance in queftion, which is obrained from the fame tabls

and from what has been fzid in page 184. 0
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o 2, o is 61566 to a fourth proportional, viz. t2
4T044, which is the fine of 24° 147 (as appears
from the trigonometrical tables) ; thercfore make
the angle G B C equal to 24°, 14/, and B'C 18
tie eourfe of the beam of refrated light through
the prifm. Produce B C until it meets the fide of
the prifm at C, and through C draw the perpendi-
_r'“lﬁi' FCE to the furface of the prifm; then FCR
18 the angle of incidence upon. that furfuce, which
Ying meafured, will be found equal (fince the angle
% H is equal to 607) to 335", 46, and its fine (be-
g found in the table) is §8449. Now, fince the
D€ of the angle of incidence is to that of refraftion
fmm air into glafs as 3 to 2 5 therefors, from glafs
Mo air, it is as 2 o 7 Hence you muft fay, as 2-is
% 3, fo is the fine of FCB, viz 8 440, to a fourth
3 t

PT"’PO’-'tiomi, viz. to 37 which in the

i~
fo95
57

/ 3, ol
©tound to be the fine of 6 1g. Therefore, if
i > YT r r 4 e W Ay
You take the angle ECD of 61, 15, CD wll

Je o~ - - . ]
* the mean coutfe of the ray of light after it has
Paffeq through the prifm.
This method is evidently applicable to glaffes, or
© 5 L R e . i
ther tranfparent mediums, of any given form.
. The phenomenon refpecting the reflettion of
ligh, which we promifed ention, 1s, ‘that
¢ promifed to mention, 1s, ‘tha
w o -
: 0 rays of light proceed through a medium,
Whick : 3 :
hich s furrounded ' by a thinner, or rather by a
ey refraan : s ey
) S refraltive medium, and if it impinges upon the
Urfac . i ; :
: face at 4 great angle of incidence, viz. much
ficl] ! ‘o
lined to ghat furface, then thofe rays will noc pafs
mto
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mto the thinner medium, but will be refle¢ted fromt
the furface of the denfer mediim. And the molk
refrangible rays, viz. the violer, indigo, &c. will oe
found to be the moft reflexible, and wice wer/z.—
The following illuftration will fhew 'the meaning
and the reafon of the affertion.

Let a beam of light, coming from an hole at As
Fig. 11. Plate XX. fall perpendicularly, or nearly
fo, upon the ide ED of a glafs prifm, in which café
the beam of light will not be refracted, but will
proceed ftraight into the glafs, and will fall upon
the furface or boundary GD, between the glafs
prifin and the air, Now if the angle of inclinatio?
BCD be {maller than about 49", or, which comes
to the fame thing; if the angle of incidence OCB
be greater than about 417, then the beam of light
ABC, inflead of pafling out of the prifm at C int0
the air, will be refle¢ted towards CF. Suppoi'f;
for inftance, that the angle of incidence BC O is

6°, its fne will be 82920; then fay,as 2 isto B
fo is 82920 to a fourth proportional, viz. t@
8o; which exceeds the radius or fine of 2
angle; therefore the angle of refra&ion pPCH
s:*.::{‘r. be greater than a right angle, viz. the bedm ©
lisht cannot come out of the furface G D, but muft
be reflected towards F, and that is the cafe when*
ever the fine of refraction exceeds the radius.

By turning the pﬂim gently round its axis
will be found that whilft the angle BCO is lefs

than 41% all the Jight will pafs out of the prifi®
al

1€
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at C; but by increafing that angle ftill farther, you
Will find that the violet rays will begin to be reflected
firt, whilft the others pafs through, then the indigo
fays will be refleted, &c. and laft of all the red
tays will be reflected ; becaufe the ratio of the fine
Ofirlcideince to that of refrattion is greateft for the
Violet rays, and leaft for the red rays.

The different refra&tive, and different difperfive
POwers of the various tranfparent mediums, which
At firft fight might be confidered as an imperfeétion
of orear obftruction to the improvement of practi-
%l optics, have, on the contrary, been the means
®fimproving certain optical inftruments to a very
Confiderable degree. The immediate application
of the principles to the conftrution of thofe in-

fments will be explained in a fubfequent chap-
%r; but we fhall in the prefent chapter en-
eavour 1o explain the- principles upon which it
depends,

The principal tfe of moft of the optical inftru-
Ments is to render objefts more perceptible to our
¥es than they ars without their affiftance; and
that end s in general obtained by bending (viz.
refra&ing) the rays of light, fo that a greater
QUantity of thofe, which iffue from any given ob-
Jedt, may enter our eyes, and may alfo form a
Arger vifual angle. But by the bending, or the
r"\1(“'5\&'101‘1, light is feparated into coloured rays;
therefore the objeéts which ave viewed by any re-
Facted light, muft appear coloured irregularly and

VoL, 111, o differently
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differently from what they really are. ~And thi
firictly {peaking, is aGtually the cafe; yet when the
light is not much refraéted, the difperfion or fepa*
ration of colours is fo wifling, that the eye takes
no notice of it, or fuffers it without inconvenience
But when the light is much refrafed, then the
difperfion of colours becomes hurtful and up-
pleafant.

Now a method has been contrived (from the va-
rious refractive and difperfive powers of tranfps
rent mediums, and. efpecially of crown glafs and
Rinc glafs) of preventing the difperfion at the fam€
time that the rays are bent or refraéted. The fol*
lowing paragraphs will fhew in what manner this
effeét can be produced by a combination of re-
fratting mediums.

The reader is requefted to recolleét, liP, ghat
different tranfparent mediums have ‘different 1€
fraGtive powers; adly, that they have different it
perfive powers; and 3dly, that in the fame m¢
dium the angle of difperfion becomes larger o
fmaller, according as the angle of refraction is i
creafed or diminifhed.

Let A B C, fig. 13. Plate xx. be a prifi®
of crown glafs, and D E a beam of light falli’s
upon- it, which, by paffing threugh the prifm, =

'dil'pcrfcd into  the coloured pencil F G L

another prifm, in every refpe&t equal to th
former, were placed clofe to it, but in a contra

pofition,, fuch as 1s indicated by the dotted repreﬁ"ﬂ‘
tation
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tation B K C ; then this fecond prifm would undo
What has been done by the firft, viz, the rays fepa-
fated and bent by the firft, would be colleéted and
bent the other way by the fecond ; {o that the beam
of light would emerge out of the fecond prifin in
a direction parallel to DE, and without being al=
tered in colour. But if the fecond prifm have a
different refra@tive and a different difperfive power,
then, notwithftanding the equality of the figure of
the prifms, the beam of light, after having pafied
through both, would emerge both ‘bent and co-
loured, becaufe the fecond prifm cannot exaétly
Counteract the effe&t of the firft, .

Now, by altering the refractive angle of the
fecond prifim, viz. by making it larger or fmaller,
the angle of refraétion, and of courfe the angle of
difperfion; may be increafed or diminithed. If the
Quantity of dilperfion in the fecond prifin be ren-
Uered equal to the angle of difperfion in the' firft
Prifm, then the ray of light will emerge without
any alteration of colour, but its dire&ion will be
inciined to its original diretion D E, by as much
45 the refraction of one prifm exceeds that of the
Other. This is called the achromatic refrastion *.

e

* Hence we have the achromatic telefcope, viz. a telefcope
Which does not alter the natural coloursof the objedts that

e feen through it; whereas other telefcopes with glaffes
E€nera]]

ke ¥ intreduce the prifmatic colours, efpecially about
S ed

&¢ of the field of view.
Q2 On
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On the contrary, if the refraction of one prifm
be rendered equal to that of the other prifm, then
the beam of light will emerge with its mean direc-
tion parallel to DE, but it will be coloured, of
{eparated, by as much as the difperfive power of
one prifin exceeds that of the other prifm.

The attentive reader may eafily comprehend,
that either of the above-mentioned effects may alfo

‘be produced by a combination of three or more

prifms *,

Having explained the principal properties of the
regular refrating mediums, it might perhaps be
expected that an account of thofe fubftances which
have a double; or multiple refralting power,

S

* A beam of folar light, refracted by paffing through a
prifm of crown glafs, the refralling angle of which is 30%
when the ray of mean refrangibility pafles, or enters and
emerges, at an equal diftance from-the vertex of the prifim,
the angle of diffipation will be about 3g/.

If a prifm of flint glafs, whofe refralting angle is 23%
40/, be adapted in an -inverted pofition, as in fig, 14-
Plate xx. to a prifm of crown glafs, whofe refradting
angle is 25°; a beam of folar light will emerge at A, with
its mean direction parallel to DE, viz. it will pafs ftraight
but it will be coloured or difperfed. _

But if to-thofe you add a third prifm of crown glafs, the
refralting angle of which is 10% as in fig. 15, Plate % °
then the emergent beam of folar light will deviate by abou*
5% 37, from the courfe of its incident part D E, but it will
not be altered in colour, viz. it will be white, as it W4

before it entered the combination of prifins.
= among
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among which the Ifland cryftal is the moft diftin-
gdxﬁlcd would be fubjoined : but the equivocal na-
ture of thofe fubftances, the unknown caufe of their
effelts, and the little ufe which is made of them,
have jnduced me to employ the following pages for
more ufeful purpofes, and to refer the inquifitive
reader to the works of other authors *

With refpeé to the prifmatic colours {eparately
confidered, it may be obvioufly obferved, that fome
of them affe@® our eyes more powerfully than
others ; or in other words, that objects in general
May be feen much better in fome of them than in
others ; yet the precife order with refped to their
Peculiar illuminating power, cannot be determined
"‘fithout a confiderable number of accurate obferva-
Qions,

For this purpofe a prifmatic .colour muft be fe-
Parated from the folar fpectrum, viz. by permitting
It to pafs through a hole in the fereen, upon which
the {pectrum is projected by the prilm, and objeéts
Muft be viewed in that homogeneous light behind
Fhe {creen, then the fame objefts muft be viewed
' another homogeneous light, and fo on.

Dr. Herfchel, who, as faras I know, has made the
Moft recent experiments upon this fubject, after

€ account of thofe experiments, exprefies himfelf
i
1 the following manner :
ST

* Priefley's Hi iftory of Vifion, Light, and Colours.
eriod VI, Se@. VIII,

03 “ From
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“ From thefe obfervations, which agree uncoms
monly well, with refpect to the illuminating
power affigned to each colour, we may conclude;
that the red-making rays are very far from having
it in any eminent degree. The orange poffefs
* more of it than the red ; and the yellow rays il-
“ luminate objects (till more perfedtly, The maxi-
« mum of illumination lies in the brighteft yellow,
“ or paleft green. The green itlelf is nearly
¢ equally bright with the yellow ; but, from the
“ full deep green, the illuminating power decreafes
* very fenfibly. . That of the blue is nearly upon
“ a par with that of the red; the indigo has much
¢ Jefs than the blue; and the violet is very de-
% ficient*,”

I fhall conclude this Chapter on Refraction, by
obferving, that befides the method in the preceding
page, viz. by the prilms fimply ufed, the refraive
powers of tranfparent mediums may alfo be deter-
mined by other means, as by meafuring the focal
diftances of lenfes when they tranfinit the rays of
different colours ficceflively ; by employing other
inftruments in ¢onjunétion with the prifims, &e.t

€«
€
'3

(11

» Philofophical Tranfa&ions for 1800, page 267.

t Sece the deferiptions of thofe methods in Priftley’s
Hiftory of Vifion, &e. Period V. Se&. VIIL Chap. 1L
Martin’s Optics ; Rochon’s Recueil de Mom. Jur la Mecares
et la Phyfigue 5 Mom, Jur la Mifure de la Difperfion, et az
fa Refraction, &c. ' '
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CHAPTER IV.

OF THp INFLECTION OF LIGHT, THE COLOURS OF
THIN FTRANSPARENT BODIES, AND OF COLOURS

IN GENERAL.

IGHT, in pafiing within a certain diftance
of the furface of bodies, is bent fo as to form
Pparently a retilinear angle at that place. Thus
if 2 finall hole be made in the fhutter of a windew
of a darkened room, and the light of the fun be
Permitted to pals through it, the image of the fun,
Or white fpot which is formed upon a fcreen placed
' receive that light in the room, will be found to
€ larger than it ought to be if right-lined rays
Proceeded from the various points of the fun’s fur-
aCe, and paffed through the hLole to the fcreen;
ence it appears that they are bent at the hole ; for
Otherwife the image would be fmaller than experi-
€nce thews it to be.

‘Ifa folid opaque body, fuch as a hair, a flender
Wire, &c. be placed in the ftream of light within
Lhe room, the fize of the fhadow of that body will

© found different from what ic ought to be if the
¥ays of light were not bent in paffing byit. This

0 4 bending
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bending of the rays of light by paffing not throughs
but near the furface of a body, is called the inflee-
tion of light. It has alfo been called diffrattion.

The phenomena, which relate to this fubjects
not appearing to be reducible to one general prin-
ciple; were particularly examined under a con-
fiderable variety of circumftances by Sir Ifaac
Newton ; yer his obfervations were not quite cor-
rect; ror was his hypothetical explanation very
plaufible.

Subfequent experiments and obfervations feer
to reduce the phenomena of inflection to a fingle |
principle, namely, to the attraction of bodies to-
wards light, which attration becomes confpicuous
when the rays of light pafs within a certain diftaficé
of their furfaces. Befides their being bent, the rays
of light are likewife feparated into colours by the
vicinity of bodies, and this produces the fingulaf
phenomenon of the coloured fringes that accom-
pany the infletions. But previous to the applica-
tion of the hypothefis, it will be proper to defcribe
the principal phenomena of the infe@ion of light, *
and for this purpefe I fhall prefer the experiments
of a recent anonimous writer, - which appear to0
have been infticuted with judgment and accu-
racy *.

-

g
» Oblervations concerning the Infledtions of Light, &ce

London 179g. I
« In
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“In fig, 16. Plate =x. let. X be the hole
(abour the soth part of an inch) of the light’s
Pallage into a darkened room, and let XA, X B,

€ lines drawn from each external oppolite edge on
one fide of the folar difc, to each esternal oppolite
€dge on the contrary fide of the hole, croffing one
: XCD will reprefent the beam of light
€ its paffage through the hole, at all diftances
the efrom, confiderably larger than the penumbral
fone £ A B.
“ At feven feet from the hole the breadth of the
fam was 2% parts of an inch.  If the light had
90t been bent, that breadth could not have exceed-
e +2.  Hence it muft be concluded, that the light
ti“g attracted by the fides of the hole, is infledted,
80 of courfe caufed to proceed more divergingly

AN otherwife it would have done.

* With a hole one-tenth of an inch wide, or
Wider, the centre of the beam was compofed of the
e Qireqt light of the fun, unchanged in its
paﬁagc 5

3 but farther therefrom, towards the borders
fthe b

eam, this light began to decreafe in denfity,
ng gradually decayed more and more in the ap-
prc&(‘hes nearer and nearer to the borders, bccoming
at laft confiderably diluted znd evanefcent, and ren-
(ering the edge of the beam ill-defined and in-
iting, :

* Wi

. th a fmaller hole than the laft, the centra
Genfe g

La
ight entirely difappeared, and with a hole yet
‘Malier thap this, the external edges of the beam

became
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became more eondenfed and better defined ; and
the whaole beam of lighe became, as before deferib-
ed, of more uniform denfity in all its parts. With
a hole fmaller than any of the Forizgoing, about
+u= part of an inch wide, various colours began 0
appear in the beam, .the central parts of which
became now, in their turn, more diluted than the
reft, the external parts deafer than thefe, and bor-

dered with tinges of yellow and red light on the

very edge or margin of the beam.

“ All thefe appearances are to be aferibed to the
fame attractions of the edges of the h les, and of
the different parts of the edges. Thefe, when the
hole is large, affect only the parts of the light pafiing
nearclt to them ; when the hole is reduced, they
attralt and dilate the whole of the pafling light;
when the hole is yet more confiderably diminifheds
they adt, not only each part upon the light paffing
neareft to each, but each part alfo upon the light
pafling neareft to each oppofite part of the edges
condenfing by diminifhing the attraction and difft-
fion of the light on the edges of the beam, and
rendering the whole more equably and uniformly
divergent, and thefe at laft, when the hole is in it
moft reduced ftate of abour _*._ part of an inch

TGO

wide, by their various adtions produce colours i3
the pafling light,

¢ In the beam of folar light pafling through the
fmall hole <, part of an inch wide, I obferved the

fhadows of very flender bodies, pins, needles, frawss
hatrs
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hairs to be confiderably broader, as they ought to be
n this divergent light, than the bodies themfelves ;
but a5 each of thefe bodies exercifes upon the light
Paffing by ir, the fame attractions by which the
light is bent in paffing through the ‘hole, I con-
Cluded that a part of the light would be in every
Cafe bent, in paﬁ“mrr by, towards the body into
the thadow, and illuminate it and diminifh its
breadih,

% Aerofs a beam of folar light, admitted into a
dark chamber through a {mall hole in a thin piece
O lead, nearly - of an inch wide, I interpofed a
Bair of a man’s head, and receiving the beam on a
reen or fheet of white paper at a diftance, and
With an obliquity convenient for the purpofe, 1
oted the following appearances.

At the termination of what may be confidered
%, and therefore may be called, a fhadow, whofe
mt@nﬁty or darknefs was not confiderable, the fol-
“Wing orders and diftinétions of colours appeared.
Irft and neareft to the dark or black parts of the

Adow might be feen a diluted blue, changing into
W breadrh of white light, followed by breadths of
Y_QIIOW and red. To thefe fucceeded an interval of

Nuted fhade, then breadchs of diluted violet, blue,
Uilureq green, yellow, red; then green, diluted
yt“m’" red ; diluted green, red ; white, diluted
®d; and finally, white light. Thefe are the more
8eneral orders of the colours. Of thele orders, the
Mree firft were {ufficiently obvious and diftinéts

the
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the laft evanefcent and requiring accommodation of
circumitances to produce, and attenti

on to percetve
them.

“When the diftance of oblervation from the haif
was very fmall, and before the firft brieht ftreak of
light began to appear, the thadow of the hair was

diftin& and well-defined, and of intenfe blacknefs:
At a greater diftance, this fhadow appeared to be
divided by a parallel line of light throughout it%
whole length, into two parts, and refembled 2
double fhadow, or the thadows of two hairs, but
was by no means of the fame degree of blacknefs
as was the fingle thadow obferved clofe to the haifs
At ftill greater diftances, it increafed in breadth and
diminithed in blacknefs, whilit the tranfyerfe di*
menfions of the dividing line of light increafed af
the fame time, until, at a confiderable diftance from
the hair, this intermediate band or line of light be=
gan to put on the appearance of colours on it$
edges, and to affume, on both fides externally, cafts
of yellowith and reddith light. By further increal®
of diftance, this apparent thadow, thefe dark inter=
vals became more diluted, and of nearly the famé
colour throughout, the line of light more and mor®
diffufed, and was at laft extinguifhed by the extrem@
diffufion and ultimate invifibility of the light thal

produced it. ,
“ Whilt at all thefe different diftances thele
changes proceed in the fhadow, and in the light
neargft to the body, in the other adjoining parts j"f
¢ the
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the light pafling next in order of diftance by the
air, confiderable changes al(o are produced.

““The fhadow that firlt appeared clofe to the
bair j perfeétly and truly a fhadow, being pro-
duceq by the interception of the pafling light by

- the hair,

“ This fhadow, bowever, quickly ceafes to ap-
Pear, the rays of light nearcft to it on both fides of
the hair being bent into it at confiderable angles
of infleftion and difperfion, and ecroffing, illumi-
Mating and extinguithing it.

“ The rays of light are not only bent, they
are alfo diftributed or divided into different rays
of different colours, in angles of difperfion greater
8 the diftances are lefs, and lefs as the diftances
e greater, in fuch a manner, that of different co-
lours at the fame diftance, the purples, blues,
8reens, yellows, and reds, are bent towards the

9y ; the purples moft, each of the others in due
fucceffion lefs, and the reds leaft, according to the
Order of their ftatement, and of colours of the
fime fores ar different diftances, the nearer more
than the more remeote, and the more remote lefs
thap the nearer. So wvarious, however, are the
belldings of different colours at different diftances,
that in certain diftinét portions of light, and at dif-

ent diftances of obfervation, the more remote
%0d the nearer rays of different colours contained
Within each of thofe portions or divifions: of the
light, become varioufly intermingled with each
other,

4'!.
(|

i
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other, and by their various intermixtures, form each
of thefe divifions into particoloured fringes, whill
the rays of different divifions, never mixing Wit
thofe of other divifions, the intervals of the divifion®
are preferved, and become the dark intervals whicP
feparate the fringes.”

I have tranferibed the above paflages prmmpﬂﬂY
to give the reader an idea of the infleGion of light in
a few eafy and conlpicuous experiments ; but tllcfe
are not all the phenomena of infletion, nor is the
fame explanation entirely new or applicable to the™
all. Befides Newton, various experiments Wff_‘g
made relative to the infletion of light by Maraldb '
Grimaldi, Delifle, Mairan, Du Tour, Mufchet”
broeck, and others ; an account of which experiments
the reader may fec in Prieflley’s Hiftory of Vifio®
Light, and Colours *,

Thin plates of franfparent bodies, efpecially whe?
they are not of an uniform thicknefs, frequently €%
hibit the principal prifmatic colours (viz. fuch €0
lours as are exhibited by the refraction of light
through a prifm) either in rings, or zones, o
mixt.

All the phenomena which have been obfcr"ed
relative to thefe colours, are by no means recoft”
cileble to any known and determinate laws; thef”
fore all the obfervaticns fhould be fingly and dulf

s

* Part VI, Se&t, VI,

confide red
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Confidered by whoever wifhes to inveftigate the na-
tre of thofe phenomena, or to difcover new fads.
We fhall howwer only give the fol ]o.vmg fummary
4Ccount,

The colours that are feen on the bubbles of im-
Pure water, and eipecially of a folution of foap, are
of this fort. Thofe bubbles are thin veficles or
films of the folution, and are continually varying in
thicknefs.

When two flat glaffes, and efpecially when one
Which is a little convex, and a flat one, are gently
prefled together, coloured rings are frequently vi-
fible about the point or points of centatt; which
have been fuppoled to be produced by the thin film
of air that remains between the glafies, and which is
of various thicknefs ; yet thofe colours are vifible
€ven when the glaffes are under the exhaufted re-
Ceiver of the air-pump. :

Metallic plates, glaffes, -&c. flightly moiftened
With moft liquors, frequently exhibit fuch colours,
Thin plates of talk, or Mufcovy glafs, do the
fame,

The caufe «of thofe phenomena has been attri-
buteq by Newton to certain difpofitions of the rays
of light, which he called fits of eafy tranfimiffion and
o eafy refleftion, — a ftrange hypothelis. Otﬁer
Perfons have attributed it to refraftion or to re-
Beion only: the duke de Chaulnes attributed

fome of thofe effetts to the infleétion of the rayss
and
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and a recent anonimous writer has adopted and ex-
tended the fame idea *,

In order to give my readers a competent idea of
thofe phenomena, I fhall fubjoin a few of the moft
ftriking faéts.

Sir Ifaac Newton took the object glafles of two
telefcopes, one a plano-convex for 2 telefcope of
14, and the other a double convex for a telefcope
of about 5o feet, laid the latter upon the flae fide
of the former, and prefled thein gently againft each
other.  Circles of colours immediately appeared
about the point of conta®, which increafed in
number and in fize when the preflire was increafeds
and wice verfe. The colours appear more vivid
nearer to the central fpot, which is black and co-
Iourlefs, and more dilute in proportion as they
recede from it.  When the glafles were very much
prefled againft each other, Sir Ifaac found the co-

Joured circles to be of unequal breadths, as in
fig. 17. Plate 3x. where the letters ¢, 3, ¢, d, &, fo
&cc. indicate the colours in the following order, which
comtences from the centre 4, - Black, blue, whités
yellow, red ; violet, blue, green, yellow, red; purplés
blue, green, yellow, red; green, red greenith blués
red; greenifh blue, pale red; greenith blue, redifb
white §. ‘

e
* See Prieftley’s Hiftory of Vifion, Light, and Colouf™
P. VL Se&. V. Alle, New Obfervations concerning H°
Colours of thin tranfparent Bodies, &c, London 1800-
+ Newton’s Optics, B, II. P. I, Obfery. 1V,
£

¢ The
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® The:Abbé Mazeas obferved, that if the fur-
faces of flat pieces of glafs be tranfparent, and well
polithed, fuch as are ufed for mirrors, and the
preflure be as equal as poffible on every part of the
two furfaces, a refiftance will foon be perceived,
when onc of them is made to flide over the other,
fometimes towardsthe middle, and fometimes towards
the edges ; but wherever the refiftance is felt, two or
three very fine curve lines will be perceived, fome
of pale red, and others of a faint green. Continy-
ing the friction, thefe red and green lines increafe
in number at the place of conta®, the colours being
fometimes mixed without any order, and fometimes
difpofed in a regular manner. In the laft cafe, the
coloured lines are generally concentric circles, or
ellipfes, or rather ovals, more or lefs elongated, as
the furfaces are more or lefs united. Thefe figures
will not fail to appear if the glaffes be well wiped
and warmed before the friction.

“© When the colours are formed, the glaffes ad-
here with confiderable force, and would always con-
tinue fo, without any change in the colours. In
the centre of all thofe ovals, the longer diameter
of which generally exceeds ten lines, there appears
a fmall plate of the fame figure, exactly like a plate
of gold, interpofed between the glaffes; and in the
centre of it there is often a dark fpot, which-abforbs
all the rays of light, except the violet; for this colour
2PPpears very vivid through a prifm,

YOL, 111, P « If
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« If the glaffes be feparated fuddenly, either by
fliding them horizontally one oyer another, or by
the aétion of fire, the colours will appear immedi-
ately upon their being put together, without the
Jeaft friction.

<« Beginning by the {lighteft touch, and increafling
the prefiure by infenfible degrees, there ficlt appears
an oval plate of a faint red, and in the centre of it
a fpot of light green, which enlarges by the preflure,
and becomes a green oval, with a red {pot in the
centre ; and this enlarging in its turn, difcovers a
green fpot in its centre.  Thus the red and the
green fucceed one another in turns, affuming dif-
ferent thades, and having other colours mixed with
them.

« The greatclt difference between thefe colaurs
exhibited between plane furfaces and thofe by curve
ones is, that, in the former cafe, preffure alone
will not produce them, except in the cafe above-
mentioned. With whatever force he compreffed
them, hi¢ attempts to produce the colours were in.
vain, without previous friction. But the reafon of
+his plainly was, that without {liding one of the
glaffes over the other, they could not be brought to
approach near encugh for the purpofe.

« At firft the Abbé Mazeas had no doubt but
that thefe colours were owing to a thin plzitc of air
between the glafles, to which Newton has afcribed
them 3 but the remarkable difference in the circum-
ftances attending thefe produccd by the fat plates,
and
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and thofe produced by the obje glaffes of Newton,
Convinced him that the air was not the caufe of
this appearance. The colours of the flat plates
Vanithed at the approach of flame, but thofe of
the object glaffes did not. He even heated thefe
tll that which was next to the flame was cracked
by the heat, before he could obferve the leaft dila-
tation of the colqured rings. This difference was
fot owing to the plane glafles being lefs comprefled
than the convex ones; for t hough the former were
Comprefled ever fo much by a pair of forceps,
it did not in the leaft hinder the effeCt of the
flame *,»

The coloured circles, fuch as have been men-
toned above, feen by refleCted light, are much
More vivid and diftin® than thofe feen by tranf-
Mitted light. . .

The rings feen by refleftion generally are dif-
fet‘ently coloured from thofe made by tranfmitted
llgnt White in the latter cafe is oppofed to black
in the former, red to blue, yellow to violet, and
Sreen to 2 compound of red and green.

The more obliquely the rings are viewed in either
€ale, the larger they appear to be,

When water is caufed to rife between the glaffes,
\‘-E‘—&._.;

P“C{lley Hiftory of Vifion, Light, and Colours,
Part v, Seé. V. wherein the reader will find a great
2any otfier particulars refpeiting thofe experiments, as alio
fmilar Sxpetiments made by other perfons.

) the -
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the brightnefs of the calours is thereby much dimi-
nified.  Allo the rings contra® in number and
breadth.

Newton’s theory, principally eftablithed upon the
above-mentioned phenomena of thin plates, has long
been thought to afford a fufficient explanation of the
various colours which are exhibited te our eyes by
the different bodies of the world.

According to that theory, all colours are fuppofed
to exifl in the light of luminous bodies only, fuch
as the fun, a candle, &c. and that light, falling in-
ceffantly upon different bodies, is feparated into its
primitive colours, fome of which are abforbed,
whilft others are inceflantly reflefted ; fo that the
bodies which appear red to us, are fuch as abforb
all the other colours of white light, and refle& the
red rays only. Thofe which appear green to ©$
have the property of abforbing all the coloured rays:
excepting the green. Thofe bodies which appea®
not of any primitive colour, have been fuppofﬁd
to reflect fuch of the primiti#e colours, and 1P
fuch proportion as to pmduce their mixt €07
lours, &c.

So far the hypothefis feems to be warranted by
fome of the experiments that have been nmr:u:ion‘?‘_i
in the preceding chapter ; but the next flep is J¢&
evident, even to the eyes of fancy. Itwas fuppofffd
that the particles of all bodies confift of very chit
and tranfparent plates, or laminz, which reflect of
tranfmit one colour or another, according to theif
[hiCLﬂvaS )

21
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thicknefs ; that the thinner produce the more vivid
Colours ; and that the colours of fome plates vary
According as the eye changes pofition, whilft thofe
of others are fteady and uniform.

A clofe examination and application of this doc-
trine to a _variety of phenomena, which have been
obferved by various ingenious perfons, efpecially of
the prefent age, render this theory of colours doubt-
ful in almoft all its parts. In the firft place, it may
be doubted whether there really are onlv feven
diftinét primitive colours, or an indefinite number
of them, which are perhaps produced by fome un-
known modifications of white light. The breadths
and the gradations of the fuppofed feven primitive
Colours in the prifmatic {pe¢trum, are the greateft
foundation for the above-mentioned doubt. With,
tefpe& to the thin tranfparent plates, of which all
bodies are fuppofed to confift, we are greatly in
Want of experimental confirmation ; and even if we
Were fure of their exiftence, it would be difficult
thereby to explain how are the fixed and un-
Changeable - colours produced by them in all
directions. Such doubts may be feen in all the
Modern writers on optics, to whofe works, which
Are principally to be found in TranfaGions of So-
Cieties, Journals, &c. I fhall refer the inquifitive
Teader, who may with to be farther informed on the
lubjed, or to extend our knowledge of nature s
Whilft I fubjoin fome more remarkable facts relative
to colours,

P 3 The
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The changes of colour in the fame body, which
are produced either by pofition, or by a change of
quality in the body itfelf, néver fail to firike the
obferver with admiration and pleafure.

With refpet to the change by poficion, it has
been obferved that certain folids, and efpecially
certain fluids, appear of one colour by reflected
light, and of another colour by tranfmitted lights
the reafon of which is, that if they reflect all the rays
of one or of certain primitive colours, the light,
which, by pafling through them, comes to our eyes;
muft exhibit other colours; for it has been deprived
of thofe colours which have been refleéted from the
anterior part.

Mr. Boyle obferves, that if an infufion of lignutin
nepariticin be put in a glafs globe, and be expofed
to a firong light, it will be as colourlefs as pure
water; but if it be carried into a place a little
fhaded, it will be 2 moft beautiful green. In 2
place ftill more fhaded, it will incline to red, and in
a very fhady place; or inan opaque veffel, it will
be green -again,  If it be held directly between the
light and the eye, it will appear tinged (excepting

the very top of it, where a iky coloured circle fome-
times appears) almoft of a golden colour, except
the infufion be too ftrong, in which cafe it will be
dark or reddith, and requires to be diluted with
water. But if it be held from the light, fo that
the eye be between the light and the phial, it
will appear of a deep lovely blue colour, as W?l
alio
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alfo the drops, if any lie on the outfide of the
glafs.

The changes of colour which are produced by
mixtures, by. boiling.-heating, pounding, &c. are
fo common, and {o remar mu]e as to come within
every body’s notice; but the reafon of fuch changes .
has been differently accounted for by different phi-
lofophers. Omnie of the moft plaufible theories is,
that an attenuation of the particlcs of a given body
changes from the violet, or from fome colour nearer
to the violet, to fome other colour nearer to the
red, in the order of prifmatic colours; and vice
verfa; the thickning of the particles changes the
colours in the contrary order *.

If to the diluted fyrup of violets you agd fome
drops of acid, the liquor becomes red ; add a finall
quantity of carbonated pot-ath, and it becomes
green.

To a folution of fulphate of copper add a few
drops of ammoniac, and the liquor becomes blue ;
add a little nitric acid, and the blue colour va-
nifhes,

A vaft number of fuch changes is obfetved in
chemiftry, and are ftated in almoft all the chemical
works .

# Bee Delaval on Colours; alfo fee his Paper on Colours,
in the fecond volume of Memoirs of the Manchefter Philos
fophical Society. _

t Sce Prieftley’s Hiftory of Vifion, Light, and Colours,
Part VI, Sed. XV.

P 4




CHAPTER V.

OF LENSES, AND OF THEIR EFFECTS.

HE refrangibility and reflexibility of light
: are the'propert'tcs upon which the conftrution
of the moft ufeful and moft furprifing optical in-
ftruments depends. Of the various parts of the
mechanifms, thofe which depend upon refle&ion,

/wiz. the mirrors, have been {ufficiently explained in

the preceding pages. It is now neceffary to eny-
merate, to defcribe, and to explain the aions of
thofe which depend upon refraction,

The principal fhapes of the latter are compre-
hended under three generic names, viz. Sfat plates,
prifms, and lenfes. 'The fat plates need no parti-
cular defcription; the prifms have been deferibed
in the precedipg chapter; the lenfes will be de-
fcribed in the prefent.

A thin piece of glafs; or of any other tranfparent
medium, having at leaft one concave or convex
fpherical furface, is called a /ews. The different
forms of lenfes and their peculiar appellations are
derived from the figure of their furfaces, which may

be
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be either flat, or convex, or concave, Or mixt:
Lence we have fig forts of lenfes, fections of which
are exhibited in fig. 18, Plate XX. and in the
order in which they are nominated, viz. the plano-
convess the plang-concave, the double convex, the
double concave, the concavo-convex, and the menifeus,
which is likewife a concavo-convex, but differs
from the preceding by its having the radius of the
convexity fmaller than that of the concavity, in
confequence of which ‘its edges are fharp, and its
{eftion refembles the new moon.

The middle point of each of thofe lenfes, when
the lenfes are thin, is called its remre. A ftraight
line paffing through that centre, and perpendicular
to both furfaces of the lens, as the line HG is
called its gxis. The points C, D, on the furfaces
of the lenfes, where the agis cuts the furfaces, are
called the vertexes of the lens. But when the lens
is pretty thick, and its furfaces of unequal curva-
tures, then the centre of the lens is nearer to one
vertex than to the other, by as much as the radius
of curvature of the former furface 1s iefs than that
of the other. ' ‘

It is evident, on the leaft refiefrion, that the axis
muft pafs through the centres of convexity or con-
cavity, viz. of the fpheres of which the furface or
furfaces of the lens are a portion ; unlefs the lens be
1rren'ular1y formed, as in fig. 19, which would be
ufelefs for oprical inftruments, and which is frea
quently found to be the cafe in practice.

YOL. III, P g  When
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When a ray of light falls perpendicularly upon
the vertex of a lens, viz. coincides with the axis
HC, it muft evidently pafs ftraight through the
lens without fuffering any refra®ion (fee page
168 & 171.); but when it falls obliquely upon it,
then it muft emerge out of the lens in a dire@ion
inclined toits former dire&ion,

Thus of the rays of
light, which, iflbing from 1

1e luminous point A,
fig. 20, Plate XX. full upon the lens BE, the ray
AC, whicii procecds in the dire€ion of the axis
of the lens, muit pafs ftraight through it; but the
ray A B, falling obliquely upc—ﬁ the furface of the
lens, muft be refradted, viz. bent; and if the lens
‘bea plane-convey, or double convex, that ray muft
be bent inwardly, viz. towards the axis (as may
be traced by means of the method defeiibed in
Page 160.); confequently it muft cut the axis at
{fome point F. Now that point F is called the
refradied focus of thar ray, or rather of the rays
AB, AE, &c. which fall upon the lens at equal
diftances from the axis A C; it being evident that
they muft all meet and crofs at the fame point F;
whereas the point A is called the radianz point, or
the focus of incident #ays 5 and both thofe points, in
reference to each other.

»are called the conjugate foci.
If the lens be a concave one, as in fig.21, PLXX.
then the oblique rays AB, AE, &c. will be bent
outwardly, viz. from the axils:‘in which cafe if
you fuppofe thofe refradted ans o be continued

backwards ynil they meet the axis, as at F; then

that
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that point F is called the wirtual focus of the re-
£

6& the centre of diver-

Jraffed rays, it being in
gency of the rays. -In this cafe the conjugate foci
are both on the fame fide of the lens, viz. the real
focus A of incident rays, and the virtual focus F of
the refracted rays BG, DO, ES.

If the reader will give himfelf the trouble of
tracing the progrefs of all the rays which proceed
from 2 luminous point, and fall upon the furface
of a lens, be it conves or concave, after the man-
ner which is mentioned in page 190, he will find
that. the rays will not all meet at one and the fame
focus, if it be a convex lens; nor will they have a
common virtual focus, if it be a concave Jens 3 but
thofe rays which are more diftant from the axis
after the refraction, meet fooner than thofe which
are nearer to the axis; and this effect is greater in
proportion as the furfaces of the lens ‘are farther
fiom each other, and confift of larger fpherical feg-
ments, Hence a glafs globe renders the above-
Mmentioned effec very confpicuous; and hence are
the lenfes made as thin as poflible ; but in all cafes,
alens which confifts of {pherical furfaces; does never
vefradt the rays which fall from a luminous point,
all to one focus.  The rays which fall upon the edge
of the lens, have their refracted focus not only nearer
to the lens, but alfo fartheft from the axis, viz, on
one fide of it. Lines drawn through the refracted
foci of the rays which belong to one luminous or
Tadiant point, form two curves, which make an

angle
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angle with each other at:the axis, or principal
focus, and are called caufics by refraftion ; which
are real in convex lenfes, but imaginary in concave
lenfes.

When the lenfes are thin and their phericity not
very great, thofe cauftics are o trifling that the eye
does not perceive them ; but lenfes that are prety
thick and of great convexity, produce 2 confidera-
ble aberration of the rays, and an evident diftor-
tion of the obje&, to an eye that looks thirough
them®, :

An experimental proof of this aberration may
be had in the following manner : cover one fide of
a glafs globe or thick lens with 4 circular piece of
brown paper, having a row of equidiftant pin-holes
in its diameter. Let the light which paffes through
thofe holes, and through the lens, fall upon a piece
of white paper held perpendicular to the rays of
light, and you will find that when the paper is held
near to the globe or lens, the {pots of light upon it
are at equal diftances from one another fucceflively ;
but if the paper be gradually withdrawn from the
lens, the intervals between the exterior fpots grow

———

* In order to avoid this aberration,
the fpherical figure of the lens, othe

which arifes from
r figures have been de=
termined, which might refrad the light without forming
thofe cauftics ; but the practical dif}]guity of giving the
lenfes any other figure, befides the fpherical, is fo very
greaty as not'to be attempted by any of the opticians.

lefs
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lefs than the intervals between the interior, and foon
unite.

On the other hand, if the fame operation be
~petformed with a thick concave lens, the intervals
between the exterior fpots will be found to grow
larger than the interior, &c.

Befides the above-mentioned aberration, whick
arifes from the fizure, lenfes are fubject to a much
greater imperfection, which ariles from the different
refrangibility of the coloured rays; {o that though
the rays which proceed from a luminous point, and
fall upon a fpherical lens at equal diftances from the
axis, would meet or have their focus at the very
fame point, in confequence of a particular figure
of the lens; yet as the refration feparates the light
into coloured rays, the vicler rays being the moft
refrangible, will form their focus nearer thaw the
blue, and fo on ; the red rays being the leaft re-
frangible, will form their focus fartheft from the
lens, .

When the lens is thin, and its convexity or
Concavity mot very great, this feparation of
Colours paffes unperceived ; but with a thick lens
of preat convexity, or when the imperfections of
One lens are ._mugnlﬁed by another lens, as in te-
lefcopes and other compound optical inftruments,
the feparation of the coloured rays, efpecially to-
wards the edge, where the refrattion is ftrongeft; is
fo very manifelt as greatly to obftrutt the effeéts

which
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which thofe infiruments would otherwife be capable
of producing.

This imperfetion of lenfes was confidered as
unfurmountable by the great Newton, and all other
philofophers of his time; but the {fubfequent dif-
covery of the different difperfive power of different
tranfparent mediums about the middle of the laft
century, made fome philofophers entertain hopes
of remedying that imperfection of lenfes; and foon
after the late ‘ingenious Mr. J. Dollond, after 2
variety of trials and confiderations, accompliﬂled
it.in the conftru&ion of what is now commonly
known under the name of echromaric (viz. co-
lourlefs) zelefeape 5 the objec lens of which is come
pounded of glaffes of different difperfive powersy
fo well proportioned, as not to feparate the light
into its primitive colours : hence the objedts,
which are feen through it, appear of their natural
colours.

Achromatic lenfes for telefcopes have been made
by a combination not only of glaffes, but alfo of
glaffes and fluids of different difperfive powers * 3
yet the common practice is confined merely to
glaffes, which are upon the whole ‘the moft ma-
nageable and the moft durable fubftances,

& ——

* Sce a paper entitled, Tbe Principles and Application of
a New Method of confiruéiing Achromasic ?}[p(m}g”, by
Robert Blair, M. D. in the firft: volume of Nicholfon’s
Journal of Natural Philofophy, &c, i
Achromatic




Of Lenfes, and of their Effedts. 223

Achromatic lenfes are formed either of two
lenfes or of three lenfes, fixed in a common cell
cloe to one another. Fig. 22, Plate XX. exhibits
a fection of one of the former, and fig. 23, exhibits
a ie€tion of one of the latter fort.

Ia figure 22, AB is'a double convex lens of
crown glafs, and CD is a concavo-convex lens
of flint glafs.

In fig. 23, AOB and EF are two double con-
vex lenfes of crown glafs, the internal lens CD
being a double concave of flint glafs.

The principle upon which thofe achromatic
lenfes are conftrufted may be eafily derived from
what has been faid in page 195, where it has been
fhewn, that by acombination of two or three prifms
of different forts of glafs, the light which paffes
through them may be refradted without difperfion;
for after the fame manner the thicknefles and cur-
vatures of the lenfes may be {o proportioned as to
produce a fimilar efc&. In fadt, if we examine a
very fmall portion of fuch'a compound lens, viz.
the portion which is contained between the lines
gi, bm, fig. 22, it will appear that the two por-
tions of external lenfes, muft a& like two prifms of
crown glafs, whofe bafes are towards the common
axis of the lenfes ; whereas the portion of the midd]e
concave lens aéts like a prifm of flint glafs placed
in a contrary direction, viz. with its vertex towards
the axis.

Various authors have given intricate methods of

vOL. III. p 8 determining
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determining the curvatyres neceflary for the furfices
of thofe compound lenfes, which are depending
upon the refractive and difperfive properties of the
glaffies, which properties vary greatly; buc the
difficulty of determining the real difperfive as well
as the real refractive power of a particular fpecimen
of glafs, which are feldom upiform throughout the
fpecimen, and the difficulty of forming the compa-
nent lenfes exactly of the computed thicknefs and
gurvature, render thofe calculations of little ufe in
practice. At moft they ferve as approximations,
which muft be improved and correfted by a@ual
trials with different glafles and different grinding
tools®,

A very

* "The following two formulz for the conftru&tion of
triple object achromatic lenfes of telefcopss, are taken from
Euler’s Dioptrics, vol. L. p. 335,

P s the p'rincipal focal length.

The mean refraction from air into crowh glafs, is reck-
oned 4s 1,53 to 1,

The fame out of air into fint glafs, as 1,58 to 1.

The diflipating powers of flint and crown glafs, as 3
o2 ‘

Fift Eormula.

The radii of the furfaces, commencing with the one
next to the objed, are as follows : '

A double convex {1ft furface = 0,5004 x P.
{zd furface = 3,6665 x P.

of crown glafs

A doub_lz
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An excellent achromatic lens for a telefcope,
Made by Dollond, and confilting of three lenfes, as
in fig. 22, being examined; was found to have the
tfadii of the curvatures of its fix furfaces 1, 253545 53
and 6, of the following dimenfions in inches and
decimals, Another fimilar lens was alfo examined;
and the radii, &c. were as in the laft column.

Firlt [urface; viz. Radii of the other
the external, or next achromatic objeét lens;
to the object, mark- likewife in inches, &c.
&d AT Y

2 & = - 40 = - = - 356

3 ST s 20,9 Rl o T SR

Sl AR WINPT T
§ - = = 28,4 = = = 28

6 - - - 1284 - = - 28

A double concave § 1ft firface = — 055167 x P.
of flint glafs 2d hirface = — 0,4843 x P,
A double convex { 1ft furface = 0,5219 % P.

of crown glafs 2d {urface = 0,4757 X P.

Semiaperture = 0;1189 x P.

Second Formula.

A double convex [ 1ft furface = 0,2829 % P.
of ciown glafs { 2d furface = 2,0729 % P.
A double cancave 1t furface = — 2,1450 X P;
of flint glafs { 2d furface = ~— 0,2955 % P.
A double convex § 1ft furface = 0,5938 x P.
of crown glafs { 2d furface = 2,5006 % Pu
Semiaperture = 0,0707 X P,
YOL, II1; Q. The
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The principal focus of the firft of thofe achroma~
tic lenfes was diftant from its furface about 46
inches. That of the fecond achromatic lens was
diftant about 46,3 inches.

Notwithftanding the aberrations mentioned in the
preceding pages, when glafs lenfes are not very
thick, they are reckoned to have a determined focus
of refratted rays for fuch rays as come from a fingle
radiant point, and the diftance of that focus from
the furface of the lens is called the focal diftance of
thefe rays. Even a globe is faid to have fuch 2
focus, meaning, however, of the middlemoft part
of the globe.

It is now neceflary to deferibe the method of
determining that focal diftance for the various forts
of lenfes. This determination indeed may be ob-
tained in all cafes from the general method de-
feribed in page 190; butit will be ufeful to ftate
the principal refults of fuch inveftigations for the
more ‘common lenfes, and likewife 1o give fome
more expeditious and pretty accurate rules for find="
ing the foci of all forts of lenfes, We muft how~
ever prefix a fhort explanation of the a&ion of flat
plates.

In the firft place, it muft be recolleced, that if »
ray of light, however incident upon a refractiog
plate, like the glafs plate AB, fg. 24, Plate X¥

pafles t]llOllO]l it, the emergent part C D of thaf
ray will always be parallel to the incident part EF>
as long as thc furfaces of the refradting plate ar¢
pau’alf‘i’J
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parallel to each other, and the plate is furrounded
by the fame uniform medium, be it air, or water,
&c. ; for though the ray is bent in going into the
plate at the firft furface, it is evident that it muft be
bent as much the contrary way in going out at the
other furface of the plate.

If an object in a refratting medium be viewed by
an cye fituated in another medium of different re-
frangibility, the boundary of the two mediums being
a plain furface, the vifual angle may be enlarged or
diminithed, and of courfe the apparent fize of the
objet may be enlarged or diminifhed ; viz. it will
be enlarged if the eye be in the lefs refractive me-
dium, and wvice ver/a.

Thus an objed, A B, fig. 25, Plate XX, in
water, will appear magnified to an eye at C, viz.
fituated in the air which is contiguous to-the water ;
becaufe the external rays AF, BG, by falling ob-
liquely upon the furface FG, are bent, and caufed to
fubtend a larger angle at the eye. And the fame thing
muft be underftood of the intermediate rays, ex-
cepting D E, which, falling perpendicularly upon thc
lurface, is not bent by it.

From what has been {aid of a flat plate, it may be
€afily underftood, that about the middle of the fur-
face of every lens there is a point, upon which if a
ray falls and paffes through the lens, the emergent
Part will be parallel to the incident ; for the point of
Incidence and the point of emergence may be
fityated fo that if two planes touch the furfaces

Q2 at




228 Of Lenfes, and of their Effets.

at thofe points, they may be parallel to each other.
That ray, or part of a pencil of light, which thus
pafles through the lens, without being bent, is
called the axis of that pencil, and that axis always
paflés through the centre of the lens;

When rays of light fall upon the fame lens with
different inclinations, it is evident that after the re-
fraftion, they muft have their foci at different dif-
tances from the lens; for inflance, the fame jnward
bending, or refraion, will incline towards each
other, much fooner thofe rays which are already
much inclined, than thofe which are already lefs in-
clined or diverging.

When rays of light come parallel to each other,
as thofe which come from a point of the fun’s fur.
face, or from any other diffant point, and fall per-
pendicularly, or nearly fo, vpon the furface of a
lens ; then the focus of thofe rays after refraétion is
called the principal focus of that lens, and its diftance
from the lens, the principal focal diftance of that
Yens,

The principal focus of a lens may be found out
either experimentally, which js by far the moft ex-
peditious method, or by computition.

In a plano-convex, double convex, or menifcusy
the principal focus is real ; in the other lenfes the
focus is virtual.  In order to find out the principal
focus of any of the former, place the lens before the
fun, fo that its beams may fall perpendicularly
upon it ; then meafure the diftance at which the rays

3 ¢ - are
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are collefted in a white, round, and well defined fpot,
upon a piece of white paper, which for this purpofe
muft be placed nearer or farther, &c. and that di-
tance is the principal focal diftance in queftion. In-
ftead of the fun, fome other diftant luminous objeét
will anfwer 2s well.

In order to find the virtual focus of any concave,
plano-concave, or concavo-convex lens, cut a cir-
cular hole in a piece of black paper; and ftick it on
the lens, fo thar the centre of the hole may bein or
very near the ‘middle of the lens ; alfo draw a circle
on a piece of fHff paper or card, whofe diameter 15
juft double the diameter of the above-mentioned
hole upon the lens; then hold the lens thus prepar-
ed perpendicular to the fun beams, and move the
card with the circle backwards and forwards on the
other fide of the lens, until the rays, which pafling
through the lens fall upon the card, may form a
fpot upon it exaétly equal to the.circle on the card ;
and the diftance berween the card and the lens s
the principal virtual focal diffance in queflion ; for
if {traight lines be drawn from the edge of the fpot
on the card, and along the edge of the hole on the
lens, they will meet at a point 2s diftant from the
other fide of the lens &s the card is from the firlt
fide.

The principal focal diftance of a plano-convex
glafs lens is very nearly equal to the diameter of its
curvature, But for a double and equally convex
lens, that diftance is nearly equal to the tadius of

3 curvature.
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curvature, In a' plano-concave, the diftance of
the principal virtual focus from the lens is nearly
equal to the diameter of the curvature. In a double
and equally concave lens, that diftance is equal to
the radius of concavity *, g
£

* The following two rules are demonfirated in Dr.
Smith’s Optics, B. II, Chap. III. Gravefande’s Elements

- of Natural Philofophy, B. V. Schol. to Chap, IX, and

other works upon Optics.

L. To find the focus of parallel vays falling: perpendiculariy,
or nearly fo, upon any given lins.

Let E, fig. T, 2, and 3, Plate XXI. be the centre
of the lens, R and 7 the centres of its furfaces, (viz. of
their fphericitics) R r its axis, ¢ E G a line parallel
to the incident ray upon the furfice B, whofe centre
is R, Parallel to gE dvawa femidiameter BR, in which
produced, let V be the focus of the rays after their firfk
refradtion at the furface B; and joining V » let it cut ¢E
produced in G5 and G will be the focus of the rays that’
emerge from the lens,

I The focus of incident rays ’t_f"lﬂrl a fingle furface, [phere
or f.-.’.'!_r, lumﬂ g:'.’,w-, it isre ?.m d to “w the jr...(s e:f the emer=
gent rays .

Let any point Q, fig. 4 and 5, Plate XXI. be the
focus of incident 1ays upon a {pherical furface, lens of
fphere, whofe centre is E, and et other rays come
paralle]l to the = line Q. E 4, the contrary way to the
given rays, and after refraCtion Jet them belong to the
focus F (viz. mark the principal focus F); then taking
Ef equal to EF, fay as QF to FE, fo Efto fq; and
placing f¢ the contrary way from f to that of F Q from F»
the point ¢ will be the focus of the refratted rays, without
any
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It will be necefiary to obferve once for ever, that
the dire@ions of a given incident and refracted ray
dre the fame when the latter is called the incident,
and the former is called the refradted direétien; for
inftance, if the incident rays are parallel, the re-
fracted focus will be at a certain diftance from the
lens; now if a luminous obje& be fituated at that
diftance, then the refratted rays will proceed pa-
rallel. ‘The like thing muft be underftood of any
two conjugate foci of a lens; for if either of them
is called the radiant, the other will be the refracted
focus,

When the incident rays, inftead of being parallel,
are either converging or diverging, then you may
determine whether the focus is nearer or farther
from the lens than the principal focus, by confi-
dering whether the lens be concave or convex, &c.
which fo far needs no particular explanation ; but the
precife diftance of the focus in thofe cafes may be
eafily determined from the fecond rule in the note
below,

We have hitherto taken notice of the progrefs of
2 fingle pencil of rays (viz. fuch as comes from a

.

any fenfible error ; provided the point Q_be not {o remote
from the axjs, nor the furface fo broad, as to caufeany of the
Tays to fall too obliquely upon them.

When the rays do not come from a point, nor do they
come parallel, but come convergingly, then their yvirtual
focus muft be confidered as the radiant point,

Q4 fingle
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fingle point) through a lens ; but the application of
the fame reafoning to the varioys points of an objeék
1s fo very eafy, that a flight illuftration is fufficient ta
render it manifeft. -

Let DE, fig. 6, Plate XXI. be an ohject, AB
a double convex lens, whofe centre is C; and let
us examine the pencils of rays which comg from
three points only of the objed, fince the fituation
of the intermediate pencils is evidently compre-
hended between thofe three. Now of all the rays
which proceed from each of thofe points, that which
pafles through the centre C of the lens muft (from
what has been faid in page 227) proceed in 3 ftraight
direétion * ; fo that DCI, FCH, and EC G, are
ftraight lines ; fecondly, the focus of the rays DBA,
after refraction, muft be fomewhere in the axis or
{traight line D CI; alfo that of the middle ‘pencils
FEA muft be fomewhere in FCH, and the focus
of the third pencil muftbe in EC G, Thirdly, the
refracted focus of each pencil muft be on the con-

trary fide of the axis of the lens, to what jts incident

pr radiant focus is ; for inftance, the refracted focus
I is below the axis of the lens, whilft its ncident ot
radianc focus D is above it; and the refracted

e e

# The incident and refracted parts of thay ray, properly
{peaking, are not in one ftraight line, but they are parallel
to cach other ;' yet when the lens is not remarkably thick,
they may be fafely confidered as ong fraight line, the dif«
ference being infenfible,

' focus
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focus G is above the axis, whill its radiant point &
is below it: the confequence of which is, that if the’
objet DE be fufficiently luminous, and a picce of
White paper, or other flat and opaque body, be fitus
ated at G I, an image of the object DE will be
formed wpon it, but in an inverzed pofition. i If
the gpaque body be removed, then no image will
be feen by a fpeftator fituated on one fide ; for the
rays of light, though they meet at their refpective
foci in I H G, yet they proceed divergingly beyond |
that place through the air or other tranfparent body,
and none come to the latera] {pectator. If the paper
be fitwated neater or farther from the lens than the
place G I, then an imperfect image, or no image at
all, will be formed upon i, becaufe the rays of the
refpective pencils do not meet at any other place.

From what has been f{aid above with reipelt to
the conjugate foci of the {fame pencil, it will be
clearly deduced, that if the object D E be brought
earer to the lens, the refra&ed foci, or the image
GHI, will be formed farther from the lens, and
ice werfz. And from this it follows, that (fince the
angles DC E, G CI, formed at the centre of the
lens by the axes of the two extreme pencils, are
fqual *) when the diftance of the object from the
lens is equal to that of the image from the lens,
then the fize of the image is equal to that of the

* Euclid’s Elements, Book I. Prop. 15.
ebject
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object; when the former diftance is lefs than that
of the latter, then the image is larger than the ob-
jects and when the former diftance is longer than
the latter, then the image is finaller than the
objedt.

With refpect to the brightnefs of that image it
muft be confidered, that of the innumerable-rays
which are inceflantly emitted in every direction from
each point, for inftance D, of the obje&, a confi-
derable number, viz. D A B, falls upon the lens, and
are converged to a fingle point I; therefore that
point muit be more or lefs bright in proportion as
the furface of the lens is larger or finaller. Hence
alfo a very remarkable property of thofe lenfes is
eafily comprehended, which is, that when an image
GHI, is thus formed, if you cover part of the lens,
be it the middlemoft or fome lateral part of it, the
1image 1G will not thereby be rendered partly invi-
fible—the whole image will be feen as well as before,
but it will appear lefs bright than before ; for if we
confider €ach indefinite part of the lens, we may
eafily perceive that rays of light from every point of
the objeft muft pafs through that part, and muft meet
at their refpective fociin GHT,

The above explanation of the progrefs of various
pencils through a convex lens, may, muzatis mu-
vandis, without much difficelty be adapted to ex-
plain the a&tion of concave lerifes.

Upon the whole, it mult be recolletted, that by

the action of a double convex lens, or plano-convex
a,ild
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and menifcus, the rays of light which pafs through
them are made to incline more towards each
other, or to proceed lefs divergingly than they
did before, excepting after their meeting or foci;
for beygnd that place they proceed divergingly.

- On the contrary, by the action of double concave

plano-concave, and concavo-convex lenfes, the
rays of light which pafs through them are made to
diverge more, or to proceed lefs inclined towards
each other, than they did before their entrance into
the lens.

We fhall now defcribe a few ealy experiments,
which prove in a familiar manner moft of the above-
mentioned properties of lenfes.

Take an holiow globe of glafs, or globular de-
canter : make an hole of about a quarter of the
slobe’s diameter in a piece of brown paper, and
flick the paper on one fide of the globe or decan-
ter; £l the veffel with water, then prefent it with
the covered fide to the fun, and the rays which pals
through the hole in the paper and through the water,
will be collected to a focus or round and well de-
fined fpot, on the other fide of the globe, which may
be received upon a piece of paper ; and its diftance
from the globe being meafured, will be found equal
to half the diameter of the globe. If the experi-
ment be repeated with the empty globe, no focus
will be formed (fee page 226). 1If, inftead of water,
the globe be filled with {pirit of turpentine, the focal
diftance will be found fhorter than when. watet is
ufed, the refractive property of that fpirit being

greater
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greater than that of water, If the experiment bé
zried with a jolid globe of glafs, the diftance of the
focus from the nearelt part of its furface will be equal
to one quarter of the globe’s diameter.

The reafon why one fide of the globe muft be
covered with a perforated paper, is, that when all
the globe is expofed to the light, the rays which
fall upon the more exterpal places will have their
refracted foci nearer to the globe than thefe which
fall nearer to the axis, all which foci form the cau-
ftics by refration (fee page 220) which curyes may
be obferved in the following manner :

When the light of the fun, or of a candle, &c. is
refraéted through a globe, be it of folid glafs or 4
globular decanter filled with water, fpiric of turpen-
tine, &c. and falls wpon a fable cloth, or up'on a
piece of white paper held parajlel and very near to
the axis of the light, the luminous figure thereby
formed, is bounded by two brightcurves, which are
the above-mentioned cauftics; which, as they re-
cede from the globe, 2pproach each other and the
axis of the pencil, until they touch it, and there form
a tharp angle, whofe vertex is the principal focus of
the pencil.

Having eovered either fide of a convex lens with
paper, inAw‘hicb there are feveral fmall holes made
with a pin, and having expofed the lens directly to
the fun, the rays which pafs through the holes will
;é.ppcar like fo many white fpots upon a paper held
pretty clofe behind ‘the glafs; and thefe {pots will

come clofer rogether as the paper is gradually _drﬂwz
, b
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back from the lens, until at laft they all unite in one
fpot, which is the focus. This thews the reafon why
that ipot is fo very bright, and why it burns with fo
Much power as experience thews it to do. By in-
Clining the lens 2 little, that focal fpot will not be
fenlibly altered. If the paper be removed ftill far-
ther from the lens, the fpots will feparate again, not
¥ill they ever meet again; for beyond the focus
the rays proceed divergingly.

If the above-mentioned experiment be tried with
4 concave lens, the fpots will never meet, but they
will be found to recede continually from each othery
in proportion as the white paper is removed from
the lens.

“ Having found the focal diftance, E F, fig. 4,
Plate XX1. of a convex glafs lens, fix it flat againft
4 moderate hole made in a thin board CE, and
Place it upright upon a long table or flvor, Througls
the point C, direftly under the middle of the glafs,
draw 4 long line AB, perpendicular to the board, in
Which meafure the principal foeal diftance of the lens
from ¢ to Fyand from Fo I, I to 1], 11 to IFI,
&ec. and zlfo on the other fide, from C to f and

fmmf o T, 1 to 2,2 to 3, &c. then taking
¥ oy )
>3 %, &c,. of that focal diftance, fet them off

om F towards I, and alfo from f rowards 1, and
Put the figures 1, 1, I, to the points of divifion,as
I the figure ;

A candle be
Which pafs

laitly, having darkened the room, if
placed at Q_over the mark I, the rays
through the glafs will be united at g upon
"

" Paper held over the oppofite mark 1; and re-

moving

Ty

o

H
i

|

T
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moving the candle to I1and the paper to £, the ray$
will be united here alfo; and likewife when: the
candle and paper are removed to 111 and = LV and
3, &c. and the effed will be the fame if the paper
and candle be tranfpofed into each other’s places:
It appears that fg¢ decreafes in the fame proportiof
as FQ increafes, and the contrar y.

¢¢ Things remaining as they were, when a fecond
candle is placed on either fide of the firft ar the
fame diftance from the glafs, the union of jts rays
will make another image upon the paper ¢ on the
contrary fide of the axis Q E ¢; and the diftance
between the twa images will be found to bear the
fame proportion to the diftance between the can-
dles, as the diftance of the images from the glafs
bears to the diftance of the candles from the glals:
Thefe obfervations confirm the reafon why the
image of a fingle candle is inverted upon. the p.;;pcr;
and why irs magnitude is altered when jts place 15
altered. Becaufe what has been obferved of tw@
«candles is applicable to any two points of the (ame
candlc s

If in thht‘l‘ of the above-m entioned bkpgumcntﬁ
part of the lens be covered with fome opaque badys
fuch as a brown piece of paper, the whole nnagé
of the fingle candle, or of the two candles; will be
feen exaltly as when the whole lens is Ul‘.C()VUred’
excepting that it will appear lefs bright in propo®”

tion to the covered furface of the lens, '
4__‘-"—’

* Dr. Smith’s Optics, Bovk I, Chap. II,




CHAPTER VL
DESCRIPTION OF THE EYE; AND OF VISION,

UR perception of objeéts produced by the

altion of light, is called viflon. The organ
which receives the impreffion of that aftion, and
through which the perception is communicated to
the fenforium, is the e, of which the human being
has two, and of which no animal, that we know of,
has lefs than two.
 Of the five external fenfes of our body, the
Conftruction of the eye feems to be beft under-
flood ; yer this goes no farther than to fhew thara
Picture or image of the. objeéts we perceive, is
Painted within the eye, whilft the objedts are before
U, and that the eye is conftru&ted fo as to adapt
Itfelf to the formation of that image in different
Circumftances; but we do not pretend to explain
the manner in which the perception of that image
I communicated to the fenforium through the
Derve, upon a projeftion of which that image is
formf‘d It is neceffary, for the purpole of explain~
ing how that image is formed, &c. to defcribe

the wonderfy] conftruction and action of the eye;
but
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but in order to render its afion »s well as thé

defeription of its parts more inteliigible to- the

povice, we fhall prefix. a ‘thost defeiiption of the

priﬁri}‘]e of what is called a camera obftwre; or dark
hamber. ‘ ‘

If a finall hole be made in the fide of a dark=
ened reom or box, and: bright objedts, fuch as
trees, animals, &c, illuminated by the dire® rays
of the fun, happen to be out of the room, and on
that fide of the roem where the hole i, then an in-
verted 1mage of thofe objedts will be feeh eicher
upon the oppofite wall; or upon a {creen; within
the room; but that image is imperfe® and in-
ditin. When the hole 13 very 1};-,31;} as abour 3
tenth of an inch in diameter; few rays can pafi
through it, and of courfe the image is faint. When
the hole is confiderably larger, the' various rays
which' belong to eich luminous or radiant poidt
come divergingly E'li'ﬂ‘dﬁ_h the hole, are fcartered
upon the wall or fereen, and grear indiftin€don
enfues. In either ca fc, the rays are more or lefs
inflected by the fides of the aperture.

Ifa convex lens be applied to the hole, then 2
beauriful image of the exrernal objedts in their trué
colours, but inverted; will he painted upon the fereen®
within the room; but the fercen muft be placed 3¢
the focal diftznce of the lens, and that focal diftance
changes according as the diftance of the external

obie&s from the room is altered *: hence not alt
4_4——'_‘-"-’

——————

* See what has been faid concerniug the conjugate focl

of lenfes in page 218,

_she
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the external objects can be well defined and pro-

- perly depicted upon the fcreen ; for as they are at

" Unequal diftancess the focal diftances within the
toom muft likewife be unequal, and of courfe the
fereen may be fituated properly for fome of them,
but not for them all; yet when the external ob-
JeQs are not very near; the fame fituation of the
fcreen will do for them all fufficiently to render
them difcernible, and to form a pleafant piGiure of
the whole.

In the latter cafe, when a convex lens is fituated
at the hole of the dark chamber, various advantages
are obtained by it. In the firft place; the pencils
of light being refracted by the lens, are caufed to
converge to their refpetive foci; hence the hole
and the lens may be large, in confequence of which
% great quantity of light from every fingle point of
the objects is admitted ; and- fecondly, the inflec-
tion of light is avoided by the enlargement of the
hole,

It will appear from the following defcnpnon, that
the eye is a moft excellent camera obfcura, having
2ll the neceffary properties of it to a moft accurate
degree of nicety. It is a dark room, with one
perture for the admiffion of light, with lenfes fit to
form 4 picture of external objects on the hind part
©f its cavity, and is capable of all the neceffary ad-
Juftments within certain limits.

Fig. 8, Plate XXI. exhibits the fetion of a hu-
Man eye, larger than its real or moft ufual fize.

Its figure 15 nearly globular. What is feen of the
VoL, ; 111, R eye
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eye in a living fubjed, is part of a convex white
protuberance, with a circular tranfparent {pot in the
middle, which refts upon a radiated bafis, differently
coloured in different perfons, &c. This vifible part
of the eye is reprefented by the front view, fig. 9
and by theportion ABECD, in the fection fiz. 8, BEC
is the tranfparent part thereof.. The hind pre AFD
is furrounded by fix mufcles, the extremities of
which are firmly faftened to the external coat of the
eye; and are deftined to move it in the different ne-
ceflary- dire®tions. The particular defcription of
thofe mufcles does not biglong to this work.

The bulb of the eye confifts of the external
coats or tunics ABECDFA, and of internal hu=
mours that fill the whole cavity, and keep the
tunics inflated in a form nearly globular.

The membranes, coats, or integuments of the
eye are as follows: the external firm one is called
the jfilerotica, the anterior portion of which, viz.
BEC, is tranfparent and more convex, and is called
the cormea, (or tranfparent horny fubftance.) The
portion adjacent to the cornea, viz. 4B, DC, is whites
hence it is commonly called the white of the eye:
‘The next membrane within the fclerotica, is called

the choroides.” This is extended at 24 under the

cornea, and forms the coloured part of the eye, #%
be, called the iris, ({ce alfo fig. g, which repre*
fents a front view of the eyc.) This iris is formed
of mufcular fibres, difpofed in two directions, viZ*
fome are like radii, tending towards the centre; and
2 ) pthets
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othérs are circelar.  The iris is perforated near its
middie, and that perforation is called the pupil,
This pupil is not always of the fame fize ; for by
the contration or relaxation of the fibres of the iris,
the pupik becomes larger or fuialler, viz. when the
radial fibres contract and the circular are relaxed,
the pupil becomes enlarged; but when the latter
are contrafted and the former relaxed; then the
pupil becomes dimimfhed *. . The colour of the
iris is different in different perfons ; but it does not
feemn that its colour is connected with any peculia-
rity of conftitution, or of configuration of the hu+
man body.

Under the “iris there is 2 prolongation 4f of .the
choroides, which forms a circular fibroys band, to
which the cryftalline humour 4 of is attached.
This circular band is called the ligamentum ciliare.

At the hind part F of the eye, but not exactlyop-
pofite to the pupil, a prolongation of the coats of the
eye is to be obferved.  This prolongation envelopes

% This is an admirable firucture, which, whetber inan
enlarged or contrafted {tate, does always preferve the circular
figure of the pupil.

The pupil is feldom quite concentric with the iris. Its
aperture varies confiderably, and differently with different
individuals, In fome perfons its diameter, in its contracted
fate, is about one-tenth of an inch, and in the moft cn~
larged flate it exceeds a guarter of an inch; in others it
varies Jefs,

R 2 a nerve
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a nerve that comes from the brain, and is called the
eptic nerve, the inner or medullar part of which
fpreads itfelf over the choroides, as far as the ciliary
procefs 41, and forms the innermoft coat of the eye,
called the 7etina. ‘This is a thin and whitith mem-
brane, looking like the fineft fort of net-work, or of
linen *, ,

‘The above-mentioned membranes contain three
tranfparent humours, which are called the agueous,
the ¢ryfalline, and the vitreous.

The eryflalfine humour dosf 1s a confiftent cel-
lular tranfparent fubftance in the fhape of a double
convex lens, whofe hind furface & o £is more convex
than the other furface s f . Theedge of this lens is

attached

# The infertion of the optic nerve is not exallly in the
agisof theeye (viz. in the ftraight line E I, which is fup-
pofed to pafs through the eye in a dire&ion perpendicular
to the cornea, and to the cryftalline lens ;) but in each eye it
deviates from the axis towards the nofe, by about the 14th
part of the whole circumference of the'eye : but this diftance
is not the fame in all eyes.

For a mare particular account of the membranes of the
eye, as alfo of the veflels, glands, &c. that belong to the
fame organ (which would be unneceffary for our prefent
purpofe,) fee the anatomical writers,

+ Itis pretty much the opinion of anatomifts, that the
cryftalline lens confifts of mufcular fibres. - Its fpecific
gravity is about 1,1, viz. very little above that of water, 1t5
vonfiltence; and of courfe its refractive power, is not uni-
form
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attached all round tothe ligamentum ciliare, All the
Cavity berween the cornea and the cryftalline humour,
1s filled wich a fluid called the agueoys fluid *,  The
Temaining, which forms the greateft, part of the
Cavity of the eye, viz. of m [ kdo, is filled with an-
Other fluid called the witreoust.

The figures 8 and g, reprefent the eye, for the
fake of perfpicuity, larger than its natural fize, and
Not in exac proportion ; but the proper dimenfions,
as deduced from a great number of aGual mea-

furements, will be found in the note .
When

form throughout. « On the whole, Dr. Thomas Young
* Jays, it is probable that the refraltive power of the centre
of the human cryftalline, in its living ftate, is to that of
water nearly as 18 to 17; that the water inzbibed after
death reduces it to the ratio of 21 to 20; but that, on
account of the unequable denfity of the lens, its effect
in the eye is equivalent to a refraction of 14 to 33 for its
* Whole fize,”” Phil. Tranf. vol. for 1801, p. 42.

* This is a very limpid water, and like water in refpect
' confiftency, fpecific gravity, and refraflive power, -

T This, which is by far the moft abundant humour of
the eye, confifts of fmall cells diftended with a limpid
Watery fluid, It but a little exceeds water in refpect to
fpecifi gravity and refrative power,

+ Df’”{*f:ﬁan: of the human eye at a medium, in decimal
paris of an inch.
The diameter of the eye from outfide to outfide,
@aken at a mean from the eyes of fix adult per-
OB 7S s L L S R RerReeas
R 3 Diftance
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‘When the eye 18 open, and illuminated objects
are before it, inverted piétures of thofe objects are
formed upon the retina, by the refradtive powers of
the above-mentioned three humours. If the thicker
coats on the back of a freth eye be removed, and
the eye thus prepared be turned towards objects that
are well illuminated, their pictures may be clearly
perceived through the remaining thin coat.

Whoever will trace the progrefs of parallel rays
(viz. fuch as come from a very diftaat luminous
point) which may be eafily done from the meafure-

Diftance of the external furface of the cornea from

the neareft furface of the cryftalline lens - - 0,164
Radius of convexity of the cornea - 0 - 0,333
Radius of convexity of the anterior {urfacc of the

cryftalling lens, at a mean from 26 eyes - - 0,33
Radius of convexity of the hinder furface of the

cryftalline, from the fame eyes - - - 0,259
Thicknefs of the eryftalline at 2 mean, from the fame

eyes 3, i - - = - - 0,185
"Thicknefs of the fclerotica, about - - - 0,025

"Thicknels of the choroides and retina together, about ©,015

The fine of the angle of incidence to the fine of refrac=
tion at E, viz. from the air into the cornea and aqueous
hamour, is (as from air into water) or as 4 to 3 nearly-
At s, viz. from the aqueous into the cryftalline, the ratio

* of refradtion is nearly as 13 to 12, At 4, viz. from the

cryftailine into the vitreous humour, the ratio of refraction
is nearly as 12 to 13.

ments
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ments that are mentioned in the note, and from
What has been faid in page 1go, will find, that by
the refractions of all the humours through which
they muft pafs, they will be collected to 2 focus on
the retina, which therefore is the true place of the
Inage, But at the fame time it is evident that if
that be the focal diftance for parallel rays, it can-
not be the focal diftance for diverging rays; or, in
other words, when the objeés are fituated at a few
feet diftance from the eye, their true images muft
be formed farther back ; confequently their images
upon the retina muft be imperfec}, unlefs the retina
be ficuated farther back by an elongation of the axis
of the eye, or the focal diftance be (hortened by the
alteration of fome other part. But fince we may
perceive either diftant or near objeéts diftinctly, it
i3 evident that fome fuch alteration does actually
and neceffarily take place. Thisis called thead-
Juftment or accommodation of the eye for diftinct
Vifion; but the difficulty is to determjne how this
adjuftment is effected.

By fome perfons it has been attributed to a
change in the length of the eye, and by others toa
Change of curvaturein the cornea ; but fome very
recent experiments render thofe alterations unlikely,
at leaft to the full amount of what may be required.
Other ingenious perfons have attributed the altera-
i.ion t0 a change either of the fhape of the cryﬂ'éln
line lens, or of its fituation, or of both; and this

R 4 opinion
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opinion feems upon the whole to be nearer to the
truth *,

That the eye cannot fee both near and remote
objeéts diftinétly at the fame time, may be eafily
proved. Let a tree, a houfe, or fome other ob-
je€t be upwards of 50 feet from yous; fhut one eyes
and whilft you are looking with a fingle eye at the
tree, &c. hold a pin, a pencil, or fome other objet
in the fame ‘direction at about a foot diftance from
the eye; and it will be found that whilt you fee
the pin diftinétly, the tree will appear indiftinét;
but if you adjuft your eye {o as to fee the tree dif~
tinétly, then the pin will appear indiftinét.

The eyes of fome perfons are more capable of
adjuftment than thofe of others, In old perfons the
humours grow thicker, and the parts lefs pliable;
hence their eyes are lefs capable of adjuftment than
in-young perfons. _

"The eyes of fome perfons can be adjufted for dif-
tant objeéts, better than for near obje&s, and wis?
verfa. When the eye is defe@ive, and by its fize
or other conformation, parallel rays form their foci
before they arrive at the retina, then the perfon can
fee very near objects only. Such perfons are faid

* For farther information on this fubje®®, the reader
may perufe Prieftley’s Hiftory of Vifion, Light, and Co-
lours 3 Olbers’s de ocnli mutationibus internisy and Young®
Paper in the Philofophical Tranfaions, vol, for 180t
Art. 1L,

to
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0 be near-fighted, or they are called myopes. When
the eye is Batter than ordinary, then the foci of rays
from pretty near objets are formed beyond the re-
tina, Perfons with fuch eyes are called prefbyte; —
they can adjoft their eyes for objefts beyond a cer-
tain diftance only. The latter is generally the cafe
With old perfons; but the eyes of old perfons fome-
times are incapable of adjuftment both'for very near
and for very diftant objeéts. This comes from a
‘Tigidity or want of pliability in the parts *.

Thole imperfections may in great meafure be
remedied by the ufe of proper glaffes or {pectacles;
for fince in near-fighted perfons the rays of light
converge to a focus too foon, viz. before they
come to the retina, concave lenfes, which diminifh
the convergency, muft remove the imperfection.
And for thofe who can fee diftant objeéts only with
Wlerable diftinction, viz. in whole eyes the rays do
N0t converge foon enough, convex lenfes, which
ncreafe the conyergency, muft remove the imper-
ft&ifm.

When the defeft comes from rigidity, as in fome
©ld perfons, then thofe perfons require concave
laffis for viewing diftant objeéts, and convex glaffes

* Thofe defects are frequently brought on or increafed
b}-' habit, as by the conftant cuftem of viewing objects
cither from too near or from too great a diftance; as alfe
by the ufe of improper glafles.

for




250 Defeription of the Eye, &e.
for viewing near objects ; for their eyes want both
adjuftments *.

The

=k —_— e e

* The effential and extenfive ufe ﬁaehaclq, which
affords comfort to fo great a number of individuals, who
would otherwife be a burden to themfelves and to focietys
san inftance of the great ufefulnefs of the fcience of optics.
Mg ps

as poffible, and a varicty of contrivances bhave been

I3

s have been [pared to render fpeclacles as per-
£
0
from time to time offered to the. public, Speftacles have
been made with two lenfes for each eye; alfo the lenfes
L ; I S ot SR R
1 . {4 3 1 a - ave i
have been made plano-convex or plano-concave, or of other
fhapes ; but upon the whole, fingle lenfes, either double
concave, or double convex, of clear glafs, well polifhed and
repularly formed, are the beft.
When the eyes of perfons firft bezin to bea t-:C’ced bY
age, the opticians furnifh them with {pc

1 = T TR o i Te oy 80 r =
about 40 inches focus, which glffes are therefore called

f e (9T 4 o - :
number 1, or glafies of the firft fight 3 viz. for the fight

whenit firft b

ins to be impaired byage. But I find con=

fiderable difference between the focal diftances of ip»:f{ncmn
Ne 1. made by different opticians. When the focal' length
5 about 16inches, the lenles are cal];z.l N°® 2. About twelve

nches is the focal length of N° 3. Ten inches is what the)
c;xi‘. Ne 4, Nine in;-‘ncs is that of W° 5. Eight inches is
the focal length of B Seven inches is the foca H ength of
E‘:Ul}]‘l!l‘l' 7 JiX }‘.K'h"..‘q is :.hE {.OC'C:i 1!._1‘. [u Ul 1\4 b-y '““}
fometimes they make fpeftacles of a'focus fhorter fills
Concave fpeétacles are alfo named by fimilar numbers.

In choofing fpeftacles, actual trial is the beft guide; but

ectacles that do not magnify mor®
that

carc mudt be had to ufe ;_\
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The capability of adjuftment is greater or lefs in
different eyes, and it 13 frequently different 1n the
tWo eyes of the very fame perfon; but in all eyes
there is 2 limit, within which vifion is not diftinct.
This is called the fimit of di

fome perfons it is as fhott as one inch, whilft in

it wifieny and wich
Qthers it exceeds 20 inches ; but in commeon it will
be found to lie berween fix and 10 inches.

All the retina, as far as it is extended, 15 capable
of receiving the moft perfet image of objeéts.
There is, however, 2 fingle fpot where no vifion
tkes place ; and this fpot, which is about a 4oth
of an inch in diameter, -lies exacly upon the infer-
tion of the Optic nerve ; fo that we cannot perceive
the image of any cbjedt that falls upon this fpot at
the hind part of the eye, provided the other eye be
fhut, The exiftence of this (which we may call
\\&-_

2 2 - - . L 1t 2 ("' -
than i juft fufficient either for reading, or fer other necellary
Purpofes,

When a variety of fpedtacles cannot altually be tried, the
defed of the fight may be exprefled by mentioning the diftance
f“""“ which the perfon can read, or other peculiarities, from
Which the neceflary glaffes may be determined prety nearly,
r\? inflrument for mealuring the exact: limits of” diftin&k
“:1“"‘ was fome years ago contrived by Dr. Potterheld,
Y00 named it an Optometer (fee his Work on the Eye,
]\ri’]' L) and an improved one for the fame purpole was
ately contrived by Dr. Thomas Young. Sechis Paper on

the Mee . 7 X Ay ; oLy -
Mechanifin of the Eye, in the Philofophical Tranfac~

tons, vol, for 18o1.

: infendible)
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infenfible) fpot is moft convincingly proved by the
following eafy experiment.

Let three picces of paper of different thapes, As
B, C, fig. 1¢, Plate XXI. be faftened on a wall;
at the diftance of about two feet from one anothers
and let a perfon, keeping one of his eyes fhut, place
“himfelf nearly oppofite to the middle paper B, and
beginning pretty nedr to it, let him retire gradually
backwards, whillt the open eye is turned obliquely
towards the outfide paper, viz. that paper which
1s next to the eye that is thut; he will find a fituation
(which generally is at the diftance of about 1o feet
from the papers) where the middle paper will en-
tirely difappear, while the outermoft papers conti-
nue 'vifible. In that fitvation the image of the
middle paper falls exactly upon the infertion of the
optic nerve.

This obfervation has been often adduced as the
foundation of an argument to prove, that the feat
of vifion is not exactly at the retina, and that either
the choroides or fome other part of the eye receives
the impreflion of light, &c.: but as nothing pofitive
is known with refpeét to this fubjed, viz. of the
manner in which the perception of objefts is con-
veyed to the fenforium; and having fhewn that 2
picture of the objects, &c. is actually painted on the
retina, which is going as far as we can in tracing
the action of light; I fhail not detain my reader
with long and unprofitable difquifitions , relative

to it.
Ther€
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There is another remarkable adjuftment of the
€ye that requires to be explained ; and this is the
Contraftion and enlargement of the pupil.
It has been théwn above, that of the innumerable
Tays which proceed from every fingle point of an
Objed, cereris paribus, a greater or lefs quantity
falls upon a lens in proportion as the lens is larger or
Amaller, and in the fame proportion is the refracted
focus or image, more or lels bright.  Now, by in-
j"Pe&ing fig. 11, Plate XXI. it will appear, that
after the fame manner more or lefs rays from every
?ngle point of the objeét A C B, will enter the eye
In proportion as the pupil is open more or lefs, and
the correfponding: points 4, 4, ¢, of the image will
b.e proportionately more or lefs bright. But as the
light from certain objedts, fuch as the fun, a bright
fire, &c. would be hurtful to the eye, and in other
“afes the infufficient quantity of light ‘would ren-
der the perception of objects too faint; therefore
Provident nature has furnithed the eye with a me-
fihod of enlarging or contraéting its aperture, which
% effefted by the adtion of the iris, which, as has
en fhewn above, is a prolongation of ‘the cho-
Toides ; and fo eafy and involuntary is the contrac-
ton of that membrané, that without the leaft confi-
deration we readily adapt it to receive a proper
Quantity of light in moft cafes. Let a perfon turn
& €¥es towards a pretty dark place, and ‘in that
lm;’:t’on by looking at his eyes, you will find the
PUpils much dilated ; then place a lighted candle
before
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before his eyes at about three or four inches diftances
and you will perceive the pupils to become remark”
ably natrow.

In fome perfons the pupil is in all cafes larger thal
in others, nor can they contraft it fufficiently.. Such
perfons fee beft with litde light.  Other perfon®
have their pupils naturally narrower than ordinarys
and of courfe thofe perfons fee beft in a bright
ight, Sometimes the pupil lofes its contradtion
entirely.

Though a more open pupil will admit more light
than one which is lefs open, and of courfe objects that
are’lefs lominous may be perceived by the forme
eye than by the latter; yet the total want of light
renders objels invifible to any eye.  Fairand &
tisfaCtory experiments prove that, in a room pef”
fectly dark, no obje can be perceived even by th®
eyes of a cat.

Having defcribed the ftru&ure of the human ey¢
and the progre(s of light through it ; our next 0P*

je& is to explain feveral phenomena of vifio

whichi otherwife might be confidered irreconcileabl
to the common theory of light; and in the firlt
place, it may be naturally inquired how is it that “:8
perceive objelts fingle, if they are fingle, or of thelf
real number, though we look at them with two C}"e's’
and though a picture of cach objet is formed ¥
each eye.

Of the various opinions, which have been ﬂ‘_'i'
vanced in explanation of this difficuley, the moft #*
tisfacto”)
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(V2

fw{a&or}r i, that in the two eyes there are corref-
Ponding parts of the retinas which are probably
ful(c‘pt'h]e of the fame impreffion in equal degree,
and convey it to the fenforium in that equal degree:
hence as long as fimilar points of the images fall
“Upon the correfponding points of the retinas, the
Perception of the fame object is fingle, otherwife
it is double.

Fig. 12, Plate XXI. exhibits two eyes direcled to
the fame object A B; and it is likely that at oppo-
fite diftances from the infertions of the optic nerves
the retinas have correfponding tenfions, irritabilities,
or fufceptibilities; for inftance, 2 may correfpond to
@, b to b; and as long as the like parts of the images
fall wpon thofe correfponding parts, the object ap~

‘Pearsfingle. It is evident that for this purpofe the
2%es of the eyes, that is the eyes themfelves, mutt
9¢ turped more or lefs towards each other, accord-
g a5 the obje&t to which they are direéted  is
Dearer or farther, and this is actually the cafe; fo
that according to the diftance of the objelt, we not
Only adjuft each eye for diftinét vifion at that dif-
tance, byt alfo adjuft the direction of both eyes in
Order to produce fingle vifion of fingle ebjects. In
COnfirmation of this th eory, hold up a finger Ll(.FO e

_Your eyes ar the diftance of 8 or 10 inches, whilft
3 man, a window, or other objet, is before you at
& much greater diftance, and you will find that if
You endeavouyr to look fteadily at the fager, viz. by
direCting the axis of both eyes towards ir, the man,

5

e,
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&ec. will appear not only indiftinét, but alfo double-
If you endeavour to fee the man diftinétly and
fingle, the finger will at the fame time appear dou-
ble and indiflinét. ,

It is from this adjuftment that we are in great
mealure enabled to judge of the diftances of ob-
je€ts, when thofe diftances are not very great. I
is from this adjullment, or from the dire@ion of
the two eyes, that we judge whether a perfon 19
looking at us or not.

When from particular configuration, or from bad
habit, the axes of the two eyes do not sppear to be
direcled to the objet which they actually have in
view, then the perfon is faid to jguinz. But it does
not follow that the fquinting perfon {ees every ob-
je& double ; for the apparent improper direétion
of the eyes may be owing to the unufual fituation
of the parts of the eye; yet the like parts of the
twoimages may fall upon corre{ponding parts of
the retinas.

In the next place it may be inquired how do W€
perceive objeéts ere@ or in their proper fituationss
confidering that the image is inverted upon the re
tina. Various opinions have been advanced in €%
planation of this difficulty; but the meft plaufibl®
is, that the mind contemplates the objeét and not itS
image, and that by experience we are accuftomed
to confider the lower part of the picture as indicat”
ing the upper part of the objec, and vice verfa. OF
by referring the fituation of objects to other fur=

rounding objets : hence if a perfon looks at a houi'-{;
an
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and®whether he turns his head one way or the other;
and even upfide down, the houfe does always ap-
Pear erect.

. The perceptions of our fenfes are fo difficultly
veftigated, and fo influenced by affuefaction, &c.
that we can hardly comprehend any of them with
full certainty and fatisfaction. i
Our judgment.of the diftances as alfo of the fize of
objects which we perceive by our fight, 1s influenced by
the concurrence of feveral circumitances; viz, weare
direéted to form ourjudgment, 1 ft, from theapparent
magnitude of the objects ; 2dly, from.the ftrength of
the colouring 2nd diftin@inefs of their minute parts;
3dly, from the direGtion of the two eyes; and 4thly,
from their fituation in relation to other objeéts. And
Our judgment is more or lefs liable to be wrong, " ac-
Cording a5 one or more of thofe circumftances are
Wanting, Thus a perfon with one eye 1 lefs ca-
Pable 1o judge of the diftance of an object thana
* Man with two eyes, as in that cafe the third cir-
Cumitance is wanting. - Thus if a man fix feet high
b‘e fituated at 40 feet diftance from us, and a boy
3 feet high be fituated at 20 feet diftance, they will
fubtenq equal angles at our eyes, and  therefore
t‘}:ey ought to appear equally high; yet from the
formation of their limbs, and their fruation relatively
s UFhQT vbjetls, we do by no means think them
€qually hig,,
o
A' fmall object near us, and a Japge one at a pro-
Portionate diftance, fubtend the fame vifual angle s
 YOL, 111, g . but
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but the diftant object appears indiftin€t, Hence if 8
finall and near obje® is by any means rendered in-
diftiné, we are apt to take it for a large diftant ob-
je&t. Thus a fly or other infect often paffes by our
eyes, when the eyes are direfted to fome other ob-
jeét ; in which eafe the fly appears indiftinét, and
we frequently take it for a crow at a diftance.

When the moon 1s near the horizon, the thick-
nefs of the atmofphere renders it lefs bright and lefs
diftinét than when it is higher up : hence we imagine
it to be farther off in the former cafe than in the
latter; and ‘becaufe we imagine it to be farther offy
we take it to be 2 much larger obje@ than when it
is higher up; in which fituation we imagine it to beé
nearer to us, from its appearing much brighter
¥or it appears from actual meafurement, that the
fize of the moon is fmaller near the horizon than
when it Rands higher up.  So that this well known
phenomenon of the borizontal moon is mex‘cfy an il-
lufion.

The very remarkable exhibition made in London
for fome years paft, under the name of Panoramss
produces a furprizing effeét from the fame above-
mentioned canfes. A circular picture, ina circulaf
building whole diameter is about 4o feet, is'ex
hibited to the {pettator, who ftands near the centr®
of the circle, and every other object with which
the painted objects might be compared, are re-
moved from his fight; in confequence of which, and
on account of the  indiftininefs of the painted ob-

g9 jf&i’
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jeéts, he is led to imagine that they are real ob-
Je&s of the natural fize at much greater diftances.

With refpeét to apparent maotion, our judgment
Is likewife apt to be miftaken; for when our eyes
are directed to any particular object, and follow it
Infenfibly, every other obje& which deviates from
that direction, is frequently taken for a moving
object, Thus when the clouds are paffing fwiftly
by the moon, if we look fteadily at the clouds, the
Moon appears to run {wifily by. If we look fteadily
at the moen, then the clouds appear to move on
fapidly. Thus alfo a perfon in a boat, keeping his
€yes either immoveable, or looking at fome part of
the boat, will frequently imagine that the coaft is
Moving away.

A queftion is frequently afked with reipect to
Our perceptian of black objedts, viz. that fince
blackpefs is a privation or abforption of all colours,
What do we fee when we perceive a black object?
Theanfiver to this queftion is, that we fee not the
black object itfelf, but we fee the objects that fur-
Tound it, the boundaries of which on that fide are
the fame as the boundaries of the black object. A
deep hole from which no light is refleted, and a
black fpot of the fame fize appear alike to our eyes.

"hen we look at a black hat, or other like obje,
We perceive the bendings, edges, and other promi-
DENE parts of it, becaufe thofe parts are not perfedtly
dark ; bug they reflect fome light to our eyes, fuffi-
€ient 1o diftingyifh one part from another.,

52 The
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The above-mentioned dcceptlons, to which out
cyes are liable, inftru@ vs not to believe the fup-
pofed infallible ¢vidence of the fight, when reafon is
acainfl ir.

There s one phenomenon more of fimple fight,
which deferves to be explained before we pafs on to
the examination of vifion through lenfes,

When the eye-lids are pretty clofe; or almoft
fhut, and efpecially when they are moift; on looking
at a2 candle, two Ya)ntr irradiations NM are feen to
dart from the candle upwards and doewnwards, as in
fig. 13, Plate' XXI1. the caufe of which is, that
the rays of light which fall upon the edge of the
lower eye-lid, ‘as at 1, are by it reflected into the
eve at LD, where it forms a long fpeftrum, on
account of the curvature of the edge of the eye-
lid; and for the fame reafon. the rays witich fall
upon the edge of the upper eye-lid at H, are re-
fletted by it, and form the long fpeétrum O X, on
the oppofite fide of the eye. In fad, if by the
iterpofition of an opaque body P, the upper ray?
be intercepted, then the lower {pe¢trum ‘or irrd-
diation will vanifh; and, if the lower rays be i0°
tercepted, then the upper irradiation will vanifh.

The eyes of different perfons, in'all probabilitys
do net receive the fame impreflions from the fame

colours; and this is fometimes the cafe with the

fame perfon at'different times, efpecially when the
body is net in a found ftate. - To fuch perfons al
obiedls fometimes appear tinged cither’ yellow, ©

greéﬂs
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green, or reG, &c. Several cafes are recorded, in
the Philofophical and other Tranfactions of learned
focieties, of perfons who laboured under thefe
Imperfeétions of fight, as alfo of fome who could
not diftinguith certain colours from one another.
Thofe imperfeftions may arife from a mixture of
Particular juices with the humours: of the eye, or
from particular configurations, with which however
We are not acquainted. :

With refpect to the phenomena of vifion throngh
glafs lenfes, perbaps what has been faid in the pre-
ceding pages might be deemed fufficient, viz. that
convex lenfes, by inclining the rays more towards
€ach other, before they come to a focus, in-
creafe the vifual angle, and enlarge or magnify
the appearance of the objet ; and that, on the
Contrary, the concave lenfes  diminifh the. vilual
angle, &c. Bur notwithflanding the univerfality
of this principle, moft beginners find o difficulc
to comprehend the real action of convex lenfes,
and o account for all their effeéts. - It will there-
fore he neceffary to give 2 more particular expla-
Nation of the effeéts of the laft mentioned lenfes,
€ipecially as the fame is of confiderable affiftance in

txplaining the propertics of moft of the optical

o E g . : - 3
Wiruments, which will be defcribed in the nexs

Chapter,

When an objedt, fitnared in the focus of a con-
veX lens, is viewed by an eye fituated on the other
fide of the lens, that .objeét will always appear
larger than %t would if -the lens were not inter-

5 NP P
s 3 }J;\.... P
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pofed : but if, when the lens is removed, the objedt
be brought nearer to the eye, then ic will appear a3
large as it did in its former fituation, viz. when
it was viewed through the lens; for by bringing the
objeft nearer to the naked eye, the vifual angle is
enlarged, as it was enlarged in the former cafe by
the refraction of the lens that was interpofed.

Could we bring objects unlimitedly near to ouf
eyes, and could we adjult our eyes for viewing thole
objeéts diftinctly at any diftance, then convex lenfes
would be ufelefs. But our eyes are capable of ad-
jutment within certain limits, viz. for rays that
come from any fingle radiant point, either patallel
or nearly fo. When the objeét is nearer than fix,
or eight, or ten inches, the rays are too divergent
for the eyes of moft perfons. This diftance therefore,
viz. eight inches, may be reckoned as the ordinary
limit of diftinét vifion.

It has been alfo obferved, that few men can diftin-
guifh an objeét which fubtends at the eye an angle
fmaller than half a minute : therefore an object;
whofe diameter is fraller than the chord of half 2
minute to a radius of cight inches, is the leaft object
which the naked eyes of moft men can diftinguifb-
The diameter of fuch an obje is 0,00116 of a8
inch *,

Now the great ufe of lenfes is, to enable us t@
diftinguith objes that are otherwife invifible ©

# From the Trigonometrical Tables.
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us, viz, when the whole object, or any part of it that
may be defired to be diftinguifhed, fubtends an
angle {maller than half a minute, or is {maller
than 0,00116 of an inch. The lens, or the combi-
nation of lenfes, that perform this office are called
microfcopes ; and in the former cafle it is called 2
Single microfeope, whereas in the latter it is called a
Compound micrefiope.

A fingle lens (as has been already obfervedin the
preceding pages) when an obju:t is placed before
it, converges the rays of each radiant point to a
focus on the other fide, where, if a fcreen be fitu-
ated, an image of that object will be formed; other-
wife the rays will proceed divergingly beyond that
focus, It muftlikewife be recollected, in confequence
of what has been faid above of the conjugate foci
of 3 lens, that if the conjugate foei are equidiftant
from the lens, then the image will be equal to the
Objeét ; otherwife the fize of the one will exceed that
of the other, in proportion as the former is farther
from the lens than the other. Or in other words,
the lengths of the objeét and of the image are as
their refpective diftances from the lens. Now with
Tefpedt to the eye, it muft not be imagined that the
lens forms, by its refraction, an image of the object
On the retina, in the fame manner as it forms the
Mage upop the fereen; becaule from the lens to-
Wards the fcreen the rays proceed convergingly s
Whereas, if they procgeded convergingly to the eye,
the humours of that organ would converge them a

s 4 great
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great deal more than is neceffary to form a focus of
image upon the retina.  But the real office of a lens
that is adapted to the eye, is to render the rays O_f
every fingle radiant point parallel ; for the eye re-
ceives thofe parallel rays, and in virtue of its ownt
refraftive power, converges them to a focus, of
forms an image of the objet upon the retina.

Fig. 14, Plate XXI. reprefents an objet A B

fituated 4t the principal focal diftance of the lens

"ED: therefore, from what has been faid aboveé

(page 218,) the rays which proceed from every
fingle radiant point, as A, or I, or B, or any other,
fall divergingly upon the lens, and after having
pafled through it, proceed in a parallel directions
viz. the conical rays ADE proceed cylindricallys
or become the parallel rays EP, CO, DW ; the
rays - IDE become the parallel rays EF, CGs
DH; and fo on.  Now if an eye be fituated near
the lens, and O R~ be' confidered as the diametef
of the pupil, it is evident in the firft place, that the
rays from every fingle point of the objedt, enter
the pupil in a parallel direétion ; fecondly, the ex-
treme rays, AEQ_and BDR, enter the eye and
limit the field of view ; for the other rays, as ACO;
ADW, &c. which come from the fame extreme
point A, do not enter the pupil Q R.  Hence it 18
that if part of the lenfe’s furface be covered, a por
tion of the obje& will likewife be rendered invifible s
or, which is the fame thing, the field of view is pro-
portionate to the aperture of the lens.  Thirdly,
! : ﬁl"l'c‘ﬂs
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appears that the object will be feen diftinétly, whe-
1
{

ther the eye be placed nearer to or farther from the
ens'; but a fmaller part of it will be feen when the
- pupil is farther off, as at ST, than when nearer, as
at Q R ; becaufe; when ST is the apertureof the

pupil, the extreme rays AEP, B DM, which en-

QR, will.not now enter it. - Fourthly,

pect to the magnifying power, it muft be
Obfﬂ. ved that the axes of any two pencils, asfor in-
ftance, the axes ACO, BCL, form an angle ACB
at t'n(: centre of the lens, which 1s equal to the angle
E 4D, formed at the eye by the extreme rays
AEd, BDd; which arifes from the parallelifm of
the rays ACO, Ed, and BCL, D4.: Therefore
the diftance of thofe two points, or the length of
the Q‘Q]r'.ft A B, will be feen under the fame angle
of vifion as if the naked eye were fitnated at C:
but the naked eye cannot fee an objeét diftinétly at
& diftance lefs than 8 inches; thercfore the eye at
QR, or at ST, will be enabled, by the aétion of
the Jens, to fee the object A B enlarged ; as if the
naked eye itfelf, fitvated at C, faw the object at the
diftance CY of § inches, and as large as' ZX. So
that the fize of the image is to the fize of the objec
45 8 inches is to the focal diftance of the]a:lns. Thus

2 lens, whofe principal focal diftance (or focus of
Paralle] rays) is one lmh, will magnify 8 times, If
'J?ﬁ. focal length be half an inch, the lens will mag-
nify 16 times, and fo forth. In fhort, to find the
Magnifying power of a lens, divide § inches (or

the
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the fhorteft diftance of diftinét vifion for any parti-
eular eye) by the focal length of the lens, and the
quotient fhews how many times the length or di-
ameter of the image will'exceed that of the object
The magnifying powers of lenfes are generally ex-
prefled by the length or diameter of the image,
otherwife called the lincal dimenfions. Thus when 2
fens is faid to magnify the object four times, the
meaning is, that the image, or the appearance of
the object through the lens, is five times as long or
as broad as the obje itfelf. Some writers fome-
times reckon the magnifying power by the furface,
and others even by the folidity, Thus fpeaking of
the fame above-mentioned lens, it may be faid that
it magnifies five times ia length, or 25 times in fur-
face, or 125 times in folidity ; fince the furfaces of
fimilar bodies are as the fquares of their lengths, of
of other like dimenfions, and their folidities are as
the cubes of their lengths, or of other like dimen-
fions.

It has been mentioned above that the {pherical
curvatare -of lenfes does not converge the rays of
the fame radiant point exactly to one refraéted focuss

. and that the aberration or indiftin®nefs which arifes

therefrom; increafes with the thicknefs of the lens
and with the increafe of curvature.  But we muft
here farther obferve, that from the properties of
fpherical furfaces, from the refraction of glafs, 8¢
it_has been demontrated by the writers on Opticss
that the aberrations of lenfes, which have the fame
curvatult
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curvature but different apertures (viz. ateas) are as
the cubes of the apertures refpettivelys and that
when the lenfes have equal apertures, then the aber~
fations are inverfely as the fquares of the radii of
Curvature *. Whence it follows, that when large
lenfes which do not magnify much, are ufed fingly,
the aberration is tolerable in moft cafes; but when
the Ienfes have a confiderable magnifying power, and
are to be ufed for hice purpofes, then the aberration
of indiftinétnefs is very detrimental. _

In order to obviate this inconvemience, various
contrivatices have been offered; but the only one
which anfwers the purpofé to a confiderable degree,
is a combination of two fhallow lenfes; fet at a
little diftance from each other, which are uled as a
fingle lens.

Fig. 15, Plate XXI. reprefents fuch a com-
bination of two lenfes; and they are plano-convex,
fince that figure admits of lefs aberration than any
other, T.t F be the focus of the fingle lens NM;
fo that an objeét placed at F may be fecn magnified
fhrough that lens. Now when the other lens GH
is placed between the firft lens and its focus, the
Tays which proceed from the objed, by paffing
through both lenfes, are bent more than by 2 fingle
lens: hence the focus is fhortened, viz. the focus
of both conjointly will be at /5 fo that thofe two

TIE e r—— S—

* Martin’s Optics, Art. 83.
lenfes
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lenfes act as a fingle lens of a much greater curva-
tare, . But the advantage which the former have
over the latter is, that the curvatures of the twe
lenfes conjointly are lefs than the curvarure of the
fingle lens, that has an equal magnifying power; in
confequence of which lefs aberration and a larger
field of view is obtained by the combination of the
two lenfes.

The advantages of the two lenfes is derived from
the {pace which:is left between them. -In fa&, by
altering that ‘diftance the magnifying power is allo
altered. I fhall’ not detain my reader with a long
inveftigation of the precife degree of aberrations
field of view, and other particulars relative to the
above-mentioned combination of lenfes. Whoever
withes to be informed particularly thereon, may by
himfelf trace the rays of light through thofe lenfess
after the manner which has been fufficiently de-
feribed in the preceding pages; or he may peruf®
any of the principal works which have been written
exprefsly upon Optics within thefe 50 or 6o years:

1 fhall only add a rule neceffary for determining the

compound focus of fuch lenfes; viz, be focal lengths
of two lenfes, and the diftance between them, being givehs
to find the focal length of a fingle lens that bas the fameé
magnifying power as the tweo combined le: Afes.

Rule. Subtralt the diftance from the {um of the
two focal lengths, and note the remainder; all@
multiply the two focal lengths together, Divide
this product by the above remainder, and the
quotienk
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quotient is the focal length of the fingle lens as re-
quired,

Example. Let the focal length of one lens be
8 inches, that of the other be 6 inches, and let the
diftance between the two lenfes be 4 inches ; then
the fum of the two focal lengths is 14 inches, from
Which fubtract 4, and there remains 10. The pro-
duét of 8 by 6 is 48, which, being divided by 10,
Quotes 4.8 inches; and this quotient is the focal
iengch of a fingle lens, which will have the fame
magnifying power as the combination of the two
given lenfes ; but not the fame diftinétnefs, nor fo
large a field of view,




CHAPTER VIL

DESCRIPTION OF THE PRINCIPAL OPTICAL
INSTRUMENTS.

HE ufe of the fimpleft optical inftruments,
fuch as lenfes, fpeftacles, reflectors, &c.
has been fufficiently explained in the preceding
chapters ; fo that the inftruments which remain to
be defcribed in the prefent chapter, are thofe of 2
more complicated nature; viz. where the effeét
arifes from the combination of two or more of the
ﬁmpk inftruments.

One of the fimpleft and pleafanteft of thofe in-
ftraments 1s the camera olfeura, the principle of
which has been already defcribed in elucidation
of the conftruttion of the eye: but asin that camera
obfcura the pifture of the objed is inverted, we
muft point out in what manner the image is ren-
dered erect, and at the fame time we thall deferibe
the moft ufual conftruction of a portable camera
obfcura.

Of i he Camera Obfeura.

Fig. 16, Plate XXI. reprefents a box confifting
of two parts. The external ACBDEFG has @
fhutter
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fhutter or cover L. N, which moves round an hinge
PQ, and when open, as in the figure, it carries
two lateral boards, which ferve to exclude the
light as much as pofiible from the rough glafs O,
Which is difcovered on opening the fhutter LN P Q,
and upon which the obferver is to look. The
fore fide or part of the box is wanting, and in that
aperture another narrower box EHIKG {lides.
This box wants the inner fide, and has a convex glafs
lens fixed at I. If this machine be turned with the
lens T towards any objecs that are well illuminated,
it is evident that an inverted picture of thefe objects
will be formed within the box on the fide ABCD;
and that piGture may be rendered diftinét by moving
the {liding box EH GK in or out, in order to adjufl
the focus according to the diftance of the external
Objeéts, Now ar the back part of the box a flat
Piece of looking-glafs is fituated at an inclination of
half 4 right-angle, as is fhewn by the dotted lines
BR; in confequence of which the rays of light fail
Upen the Jooking-glafs, and are reflected upwards to
the rough glafs O, which forms that part of the
fide of the box, which liesunder the cover LN P Q..
The picture then is formed upon thar rough or

Mitranfparent glafs, and will appear eret to 2

fbetator firuated behind the box, and looking dows
Upon the olafs O; becaufe that part of the picture,
vahu:h falls upon the lower part of the looking-glafs,
is refledted 1o the upper part of the rough glafs, viz.
to
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to the part next to the hinge PC, and wice verds

as may be eafily conceived by the leaft reflection.
The fhape of t

tered in a great variety of ways; fometimes the

amera obfcura has been al=

looking-glafs is placed before the lens, and the boX
1s placed firaight up. - In this conftruttion the rays
are bent before they pafs hrough the lens, and the
image or picture is formed within at the bottom of
the box: hence in order to view it, one lateral fide
of the box iscut off, and the oblerver looks at the
picture through that opening, or introduces his hand
through it for the pt npole of drawing an outline of
the picture.—N. B. A curtain of fome dark ftuff
muft be laid over the obferver, in order to prevent
the introduction of any extraneous light.

ff the H‘FJ’E‘J L/fnf"’

Fig. 1, Plate XXI. reprefents the maching
with the effect it produces. By means -of this i
firument fmall coloured images painted upon glafs
are confiderably magnified, and thrown upon the
wall’ of a dark room, in their natiral and: vivid
colours, to'the great entertainment of the by-{tander®
elpecially of children.

Fig. 2, {hews the internal parts of the machin®
fiz. 1, placed at their proportionate diftances. “The
lantern contains a candle A, or fometimes WO
or three;-or mort burners placed clofe to cach
other s
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other ; a refleCtor M N, which is fo fituated
as to have the light A in its focus. On the
fore part of the lantern there is a thick double
Convex lens CD, or a plano-convex (ufually
Called a pull’s eye) of thort focus. The lantern
is clofed on every fide, fo that no light can come
out of it, but what paffes through the lens CD.
In the dire@ion of this lens there is a tube,
Or apparatus, fixed to the lantern, which has a
latera] aperture from fide to fide, through which the
glafs flider with the painted {mall images, is moved
in an inverted pofiion. G H reprefents one of
thefe images. The fore part of the tube contains
another fliding tube, which carries the double con-
vex lens EF. The effe®t of thofe parts is as
f.U]IOW:\;:

The thick lens CD throws a great deal of light
_fmm the candle A upon the image GH. And to
ncreafe ‘that light ftill more, the reflector MN is
often, but not always, placed in fuch lanterns; for
35 the flame is in the focus of the reflector, thelight
Proceeds in parallel lines from the reflector to the
le‘_"s CD. The image GH being thus well illu-
Minated, fends forth rays from every point, which,
by Paffing through the lens E F, are converged to
% f_OCus upon the wall, and form the large images
3518 thewn in fig. 1.

FW’hat has been faid above of the conjugate foci
Of 2 lens will fhew the neceffity of moving the
lens EF neager to, or farther from, the painted image

VOL. Iip, T GH,
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G H, according to the diftance of the wall; and
does likewife fhew why is the reprefentation
upon the wall fo much larger than the paim:ed
image G H.

In fome magic lanterns, inftead of the fingle lens
EF, two lenfes are ufed of lefs curvature, and fet 2f
a little diftance from each other ; which a& rather
better than a fingle lens. See fig. 3, where 4 is 3
diaphragm.

OF Digpiric Telefeopes.

‘The magnifying powers of lenfes have been thew!
to be inverfely as their principal focal lengthss
from which it follows, that very diftant objets aré
not fenfibly magnified by the interpofition of 2
fingle lens; but that effe may be produced by
a combination of two or more lenfes, as alfo by 2
combination of refleftors and lenfes, The former
are called dioptric selefeopes, and the latter are called
catadiopiric, ot veflefting telefeopes.

The dioptric telefcope, from the various com”
bination of its lenfes, as alfo from its principal ufess
derives different appellations; viz,

 The aftronomical telefeope, (which confifts of tW0
convex lenfes, AB, KM, fig. 4, Plate X XI1.) fixed 4t
the two extremities of a tube, which confifts at jealt
of two parts that flide one wichin the other, for ad"
" jufting the focus in proportion to the diftance of the
objeéts that are to be feen through the telefcope ¥"
e

# The tube is not reprefented in the figure,

P




Defeription of Opiical Infiruments. 275

P Q_reprefents the femidiameter of a very diftant
object, from every point of which rays come o very
little diverging to the object lens K M of the te-
lefcope, as to be nearly parallel. —p g is the picture
of the obje& P Q_, which would be formed upon a
fcreen ficuared ac that place. Beyond that place
the rays of every fingle radiant point proceed di-
Vergingly upon another lens A B, called the eye
glafs, which is more convex than the former, and
are by this caufed to proceed parallel to one another,
in which direction they enter the eye of the obferv=
€ at O,

The two lenfes of this telefcope have a common
axis QL Q. Ly is the focal diftance of the object
lens, and E ¢ is the focal diftance of the eye lens.
E 1. is the fum of both focal diftances. An object
Viewed through this telefcope, by an eye fituated at
O, will appear difltint, inverted, and magnified ;
?’iZ- the object feen without the telefcope will be ‘to
1S appearance through the telefcope, as ¢ E to g 1.3
that is, as the focal diftance of the eye lens to the
focal diftance of the objeét lens.

For the rays which, after their crofling at the
Place rqp, proceed divergingly, fall upon the lens
AB in' the fame magner as if'a real object were
fituateq gy rqp (viz. at the focus of that lens) ;
0d of courfe on the other fide of that lens the rays
of each pencil will proceed parallel (fee what has
been faid of 5 fingle lens in p.228,231.) Now to'the
€¥e at O, the apparent maghitude of the obje&; or

T 2 of
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of the part P Q_, is meafured by the angle EQA,
or by its equal ¢ E p; but to the naked eye at Ly
when the glafs is removed, the apparent mag-
nitude of the abjeét is meafured by the angle QLPs
or by its equal gL.p; therefore the apparent mag-
nitude to the naked eye is to the apparent magni-
tude through the telefcope, as the angle ¢ Lp is to
the angle ¢E p; or as the diftance ¢ E is to the
diftance ¢ L.

This telefcope is moftly ufed for aftronomical
obfervations ; for as it inverts the objedt, the repre-
fentation of terrefirial objeéts through it would not
be pleafant.

It is evident from the above explanation, that i
the two lenfes of this telefcope have equal focal dif
tances, the telefcope will not magnify, It alfo ap-
pears that, with a given object lens, the fhorter the
focus of the eye lens is the greater will the magni-
fying power be. But when the difproportion of the
two focal lengths is very great, then the aberratiof
arifing from the figure of the lenfes and from the
difperfive power of glafs, becomes fo very great 35
to do more damage than can be compenfated by the
increafed magnifying power, Hence, in order to ob~
tain a very great magnifying power, thofe te]e{copfs_
bave fometimes been mad every long, as for inftance of
1co feet, or upwards: and as they were ufed foraftro-
nomical purpofes, or moftly in the night time, theY
were frequently ufed without a tube, viz. the object

lens was fixed on the top of a pole in a frame capable
0
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of motion in any required direction, and the eye
lens was fixed in 2 thort tube that was held in the
hand of the obferver. The diftance as well as the
direction of the two lenfes was adjufted by a ftrong
Cord ftretched between the frame of the object lens
and the tube of the eye lens.

In this conftruétion the inftrument has been called
AN acrial telefrope.- Tts ule is evidently incommo-
dious ; but it was with fuch a telefcope that five fa-
tellites of faturn, and other remarkable objeéts were
difcovered.

The imperfections of fuch a telefcope arife prin-
cipally from the difperfive power of glafs, which, efpe-
cially at the edge of the ficld of view, frequently in-
troduces circles of prifmatic colours: but fince the
invention of achromatic lenfes, the telefcopes have
been made much fhorter, by fubftituting either a
double or a triple achromatic lens in lieu of a fimple
obje lens K M ; for with an achromatic lens the
bad effeét of the difperfion is in great meafure, if
ot entirely, removed.

In a telefcope of a given length, the quantity of
Objet which is taken in at once, or the field of
View, depends upon the breadth of the eye lens;
f”or as AE is larger or {maller, fo the angle ALE or
'Bequal PLQ, is larger or fmaller (fee page 264);
and this angle takes in all the obje, or the part of
an object that can be feen at one view on one fide
of the axis of the telefcope. But in order to increafe
the field of view as much as poffible, and in great

T 3 meafure
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meafure the magnifying power alfo, the eye lens, Of
what performs the office of a fingle lens, as is now
ufed,. confifts of two. plano-convex lenfes, fet at a

little diftance from each other. The advantage of

fuch a combination has been explained in page 267

The object, which appears inverted through the
above-defcribed telefcope, will ‘appear upright and
diftinét, if two more convex eye glafles be fubjoined
t0 it, as in fig. 5, Plate XXII. which reprefents
the fame telefcope as that of fig. 4, but with the
addition of two other convex lenfes B, C, fituated
at a diftance from each other, which 1is equal to the
fum of their focal diftances; and when their focal
diftances are equal, the object will' be magnified a5
much as without thofe additional glafizs; but through
them it will appear {traight p or recified; and not
inverted, Hence this tel C‘Lopc has been moftly ufed
for viewing terreftrial of neéts, and is therefore (_‘-_1“6(.’
the terrefirial telefcope o perfpeiive glafs,

For the pencils of rays EOF, AOB, &, that
are continued to the lens I B, will be formed by it
into a fecond image ST ; and the focus S of any
oblique pencil O B, 'will be determined by the inter
feftion of the line ST, perpendicular to the com-=
mon axis of the lenfes, and of the eblique axis F 5;
drawn parallel to the ‘incident rays O B. This
point S being the focus of incident rays on the 1aft
lens G C, the emergent rays C D will be parallf-’l
to the oblique axis S G, btcaufe the rays which
proceed from T are fuppofed to emerge parallel €@
the
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the direct axis; therefore to the eye at D the object
will appear diftinét and upright.

When -the lenfes B, C, are quite equal, then the’
angle CDG, which now meafures the apparent
Magnirude of the objett, is equal to the angle AOE ;
hfnce, &c,

The laft lens, or the one neareft to the eye in this
telefcope, is now moftly made double ; viz. inflead
of one, two lenfes are combined together, for the
Purpofe of enlarging the field of view (fee page
267): hence moft of the terrefirial telzfcopes now
contain four lenfes in the tube next to the eye.

The Galilean telefeope confifts of a convex object
lens, and a concave eye lens ; and derives its name
from the great Galileus, who is generally reckoned
the inventor of it. See fig. 6, Plate XXII. which
fhews that the diftance between the two lenfes is
lefs than the focal diftance of the object lens; viz.
wftead of the convex lens fituated behind the place
of the imnage, to make the rays of each pencil pro-
Ceed in a parallel direction to the eye, here a con-
Cave eye lens is placed as much before that image ;
and this lens opens the rays of each pencil that con-
Verged to ¢ and p, and makes them emerge parallel
towards the eye; as is evident by conceiving the rays
t0 go back again through the eye lens, whofe focal
diftance is | 7.

: Tl;ﬁ eye muft be placed clofe to the concave lens,
W or¢

: €T 1o receive as many pencils as poffible ; and
th

en fuppofing an emerging ray of an oblique pencil
T 1o
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to be produced backwards along A O, the apparent
ragnitude of the obje& is meafured by the angle
AOE, or its equal gE p, which is to thelangle gL.?
(or QLP, the meafure of the magnitude) as gL
to ¢E, viz. as in the altronomiical telefcope. It i
evident that in this telefcope the obje&s appear
ere@, for the rays of Tight do not crofs each
other.

The field of view or quantity of objefts that are
taken in at once in this telefcope, does not depend
upon the breadth of the eye lens, as in the aftrono-
mical telefcope, but upon the breadth of the pupil
of the eye; becaule the pupil'is lefs than the eyé
lens A B, and the lateral pencils do not now con-
verge to, but diverge from, the axis of the lenfes.
Upon this account the view is narrower in this
than in the preceding telefcope ; yet the objeéts
through it appear remarkably clear and diftinét.

An achromatic object lens, inftead of the fimple
lens K1, improves this as well the preceding te-
lefcopes.

The common spera glafs 1s nothing more than &
fiiort Galilean telefcope.

The night teiefeope is a fhort teleicope, viz. about
two feet long, which reprefents the objefts invert-
ed, much enlightened, but not much magnified. 1t
field of view is allo very extenfive.

This telefcope, in confequence of thofe proper~
ties, is ufed at night moftly by navigators, for the
purpefe of difcovering objedts that are not very
diftants
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diftant, but which cannot otherwife .be feen .for
want of fufficient light; fuch as veflels, coafls,
tocks, &c. On account of its extenfive field and
great light, this telefcope has allo been advan-
tageoully ufed by altronomers for difcovering fome
ceeleftical objedts, whafe fituation was not exactly
known, or for viewing at once the relative fituation
of feveral ftars and other objeés.

This telefcope has a pretty large and fimple ob-
Je& lens, whence it derives its great light 5 for as
the rays whicli proceed from every fingle point.of
the object, fall upon the whole lens of a telefcope,
and are thence refracted to a focus, it is evident that

he larger that lens is, the greater numbey of rays
will be thrown upon that focus; and of courfe the
brighter will the image be. = In this telelcope a
pretty large lens may be ufed, becaufe the telefcope
i5 not intended to magnify more than about four or
[x times in lineal extenfion. :

Within this telefcope a fecond lens is often ufed
for fhortening the focal length of the objedt lens.
The eye lens is fometimes (ingle, but moltly double,
(viz. a combination of two plano-convex- lenfes
Placed ar a little diftance from each other) and
Pretty large ; hence is derived the extenfive field of
View, which in fome of thofe telefcopes exceeds fix
or {feven degrees.

We may obferve once for all, that in every te-
lefcope the diftance between the objedt lens and the
cther lens or lenfes mult be alterable, in order that

the
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the focus may be adjufted according to the diftance
of the objeéts. Hence, every telelcope confifts at
Teaft of two tubes, one of which, viz. that with the
eye lenfes, {lides within the other. To the fame
telefcope feveral eye tubes, with a thallower of
deeper lens, or with a different number of lenfes, may
be adapted fuccellively, in order to give them dif~
ferent magnif}'ing pOWers, fuitably to the clearnefs
of the air, of the objedts, &c. as alfo for con-
verting them into aftronomical or terreftrial te=
lefcopes.

Of the Catadioptric Telefcope.

This is likewife called the Newtenian telgfope, or
reflesting telefeope 5 for if not the original projector,
Sir Ifaac Newton is, at lealt, the firlt perfon who
executed a telefcope of this fort, which, as its
name imports, confifts of refle@ling and refracting
parts.

The general principle of this telefcope is the fame
as. that of the dioptric or refralling telefcope. In
the latter the rays which come from a diftant objeét
are, by the aftion of the convex obje&t lens, col-
lected to a focus, and beyond that focus the rays
of every fingle radiant point are rendered -again

P
i

parallel by the altion of the eye lens or eye fenics.

This is otherwile exprefied, by faying that the ob=
je€t lens forms an image of the objet, which
inwwge is viewed by the eye lens.  In the formefs
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viz. in the refleing telefcope, the rays which come
from a diftant objec, are, by the action of 2 con-
cave refleftor, fent back convergingly to a focus,
where they form an image, which is viewed through
the cye lens.

There are four varieties of this telefcope, which
will be eafily comprehended.

Fig.7, Plate X X 11. reprefents the principle of the
eriginal confiru@ion. ACDB'is the feétion of a tube
open at AB. . EF is 2 concave refleCtor fixed at the
bottom of the tube ; m 2 is an arm projecting from
one fide of the tube, as farasits middle or axis, where
it fupports a fmall flat {peculum G, fet aflant *;

fo that the rays which come from every fingle point

of a diftant object 1K, and fall upon the concave
fpeculumn E F, are reflefted by it in a converging
manner to the fmall flat {peculum G, which bends
their courfe fideway, and fends them with the fame
Convergency to an hole at H in the fide of the tube,
Where the image of the object 1 K is formed; and
this image is viewed by the eye through an eye
lens L, or through a tube with more than one eye
fens, for the purpofe of reprefenting the objeét
erect, as in the above-delcribed refrating te-
}':l'copes_

Itis evident that the focal length of the fpeculum

W%
Inftead of the flat fpeculum, a glas prifin bas been
often d:’P ied, which, in a certain fituation, acts likea reflec-

or. See pa ioe 19«7

15
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15 equal to EG plus G H; for the flat refle@or G
does only bend the rays fide eway. Without that
{mall refle€tor, the rays reflected from EF, would
form an image at O (OG being equal to G )
where indeed an eye lens might be placed, and the
obferver looking through it, with his face towards
the refeftor EF, would fee the magnified image
of the object I K ; but in that cafe the head of the

obferver would intercept a great part of the rays;

yet, bj,f fetting the refleftor EF a little aflant, its
focus may be thrown to P, where the eye lens being
applied, the head of the obferver would obfiruét
litle or none of the light, efpecially when the re-
fleCtor FE is of a confiderable fize. This forms the,
fecond variety.

The magnifying power of this telefcope is deter-
mined after the fame manner as in the refraéting te-
lefcope, viz. the focal length of the refletor EF
(which is analogous to the obje& lens of the re-
fratling telelcope) is divided by the focal length of
the eye lens, and the quotient fhews how many
times the objedt feen thraugh the telefcope appears.
larger (meaning in lineal extenfion) than without
the telefcope.

In this telefcope there is an adjuftment at H, vizs
the fhort tube with the eye lens, or lenfes; may bé
flid a little way in or out ; for the focal diftance of
the refleter ETF increafes or decreafes according. t@
the diftance of the object.

The third variety is called the Gregorian telefiopes
and
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and is reprefented -in fig. 8, Plate XXII. Tlhe
large concave fpeculum BE of this telefcope is
perforated with a hole quite through its middle.
Within the tube of the telefcope a fmall concave
ipeculum xy, is. fupported by the arm H, direély
fating the large {peculum B E. Two lenfes, W X
and 7 ¢, are contained in the eye tube, and the
Obferver applies his eye to a {mall hole at P, in
Order to view the magnified diftant object G.

The large refletor B E receives the rays ze,
b4, from the diftant obje, and reflects them to izs

focus e, where they form the inverted imasce, or
3 J S

where they crofs each other, and then fall diverg-
P <
mngly upon the fmall refleGor xy, whofe focus is

at 5 viz. alittle farther than the focus e lof the

large reflector : hence the rays are refle€ted back
Upon the lens W X, not in a parallel, but in a con-
Vl‘-rging manner ; and that convergency is increafed
by the action of that lens, fo as to come to a focus,
Or to form a fecond image RS much larger than the
lFofl'ntr, and erect like theobject. Laftly, this image
1§ Viewed through the eye lens #o; or, in other
T’mfdﬂ, the rays from every fingle point of the ob-
Je&, after this fecond croffing, fall divergingly
Upon the eye lens, which fends them nearly pa-
fallel to the eye ar P, through a very {fmall hole.
SDmetimcs the eye lens #o, is double, viz. it
Fonfifts of  two lenfes, which perform the office
of 2 fingle lens, as has been explained above
(Page 267), :

If
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If the firft‘lens W X were removed, the image
would be -formed fomewhat larger at z; but the

area or field of view woyld be fmaller and lefs ple:
fant. At the place of the image R S, there 15
fitvated a circular piece of brafs, called a diapbragni
with a hole of a proper fize to circumicribe the
image, and to cut off all fuperfluous or extraneous
light, in order that the object may appear as diftinét
as poffible.

The magnifying power of this telelcope 1s com-

puted in the following manner :
If this telefcope confifted of the two refletors
only, and thefe were fitvated fo that e were the
focus of each refleéter 5 then the rays which came
paraliel from the diftant objeét to the large re-
fleCtor, and divergingly from that to the fmall re-
fleétor, would, after the fecond reficétion, go parallel
tothe eye at P, and of courle the objeét would ap-
pear magnified in the proportion of the focal dif-
gance of the large reflector to the focal diftance of
the fmall refleftor; fo that if the focal diftance of
the former be to that of the latter as 6 to 1, then
the objeét would be magnified 6 times in diameter-
But fince the firfk image is magnified into a fecond
image much larger, which is viewed through the
eye lens; therefore the whole magnifying power is
in a proportion compounded of de to ¢x, and OF
%% to za. If the former proportion be as 6 to Is
and the latter as § to 1 ; then the objed will ap-
e P'L'ﬂ-r
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pear 48 (viz. 6 by 8) times larger in diameter
through- the telefcope than to the naked eye.

The fourth fpecies of reflefting telelcope goes
under the name of Caffegrainian telefeope. 1t differs
from the preceding, in having the fmall reflettor
convex, inftead of concave; in confequence of
which the fmall refleGtor muft be placed nearer
to the large refleétor than the focus of the latter;
then the rays from the large reflector fall converg-

mgly upon the convex fmall refleor, and are by it
{fent back convergingly upon the lens W X, &c.

The only difference that is worth remarking be-
tween this and the preceding telefcope is, that 1a
this the objeft appears inverted, becaufe in it there
is no image formed, or the rays do not crofs each
other, between the two reflectors. ~ Alfo with the
fame magnifying power, &c. this telefcope is (horter
than the Gregorian, by twice the focal length of the
fmal] fpeculum.

To both thofe telefcopes a long wire is fixed all
along the outfide of the tube, at the end of which
there is o {crew which works into an external pro-
Jeftion I's of the internal arm H, and ferves to move
that arm wich the fmali fpeculum nearer to or far-
ther from the large fpeculum, in order to adjult the
focus of the inftrument, according to the diftance of
the objeft. The altion of this wire is eafily under-
ftood; for it pqﬂ,s through a hole at F, where
it is prevented going forwards or backwards by twe
fhoulders, which are indicated by the figure : hence,

when
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when the
turns with his hand - the wire by the nut Q.

which ferews t

1e projection g of the arm nearer

or farther, &c. unt il the > objeét appears very dif
tinét.
Upon the whole, the refle&ting telefcopes may be

rendered niore powerful than the refradting tele

fcopes
of the fame length ; which nriil;s principal‘iy from the

rays of light not being difperfed by refleétion as they

are by refraltion, andlikewile from the pratticabiliey
of giving tie'large reflectors a form either parabo-
lical, or at leaft fuch asanfwers better than the fphe-
rical figure®  But the refl eting telefcopes are
larger and heavier than the refra&ors; hence, when
fhort and portable telefcopes are wanted, the achro-
matic telefeopes may be preferred ; but for altrono-
micat oblervatories, where large and very powerful
teleflcopes are wanted, the reflectors fhould be pre-
ferred.

The largelt refle@ing telefcope now exiftings
was. conftructed by that excellent aftronomer, Dre
- Herichel, It is a telefcope of the fecond fpecies

* If the reader willy to learn the method of forming
polithing, &c. the reflectors of thofe telefcopes, which ar¢

- ~ . a | r s al 2 ¥ 8/
univerfally made of metal, he may confult Dr. Smith’s
Optics, Book III. Chapter II.; Mudge’s Paper in the
67th Voelume of the Philoft
John Edwards’s Dir

Zur.ai Tranfaltions; the Reve
!

1

ions for making thebeft C:‘-mpoﬁﬁon

for the Metals of reflecting Telefcopes, &e.

yids



Defeription of Optical Infiruments. 289

viz, where the obferver looks through an eye lens
down upon the large reflector, whofe polifhed {ur-
face is 48 inches in diameter. Its focal length is
about 40 feet*; and I do not know that a refralting
telefcope was ever made, whofe power equalled
that of this gigantic telefcope, or of another of 20
feet, which was conftrutted and ufed by the fame
perfon, or even of one of his feven feet refleCtors,
to which Dr. Herfchel can give a magnifying power

of fome thoufands 1.
The above-mentioned methods of computing

the magpnifying powers of tolefcopes, are not in
general very pradticable, as the lenfes and fpeculums
cannot eafily be removed from the telefcopes, in
order to have their particular focal diftances afcer-
tained ; therefore it will be proper to fhew how this
objet may be accomplifhed experimentally.

There are feveral experimental methods of alcer-
taming the magnifying powers of telefcopes T3 but
I thall fubjoin one of the eaficlt, which is defcribed
by the Rev. John Edwards in the following wordss:
“ At the diftance of 100 or 200 yards from the
¢ telefcope, put up a finall circle of paper, of any
* determined diameter, an inch for inftance. Upon

-h‘—‘—‘_‘———

* Phil. Tranf, yol. for 1795, Art. XVIL

T Phil. Tranf vol. 72, Art. XI.

I See Dr. Smith’s Optics, Notes to Art. 109 and 485.
Alfo, my Defeription and Ufe of the mother-of-pearl
Micrometer,

London 1793.
YoL, IIT. u [ a cards
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“ a card, or any piece of ftrong paper, through
“ which the light cannot be eafily tranfmitted, draw
“ two black parallel lines, whofe diftance from
each other is exactly equal to the diameter of the
f {mall circle. Adjuft the telefcope to diftinct
¢ vifion, and through it view the aforefaid fmall
circle with one eye, and with the other eye, open
¢ alfo, view at the fame time the two parallel lines.
¢ Let the parallel lines be then moved nearer to, of
farther from your eye, till you fee them appear
exaltly to cover the fmall circle viewed in the
« telefcope. ~Meafure now the diftance of the
“ fmall circle, and alfo of the parallel lines, from
“ your eye. Divide then the diftance of the
« former by that of the latter, and you will
« have the magnifying power of the telefcope re-
€ quired.”

i

4L

[ 14

L1

In the preceding pages we have taken no notice
of the tubes, ftands, and movements that are
ufually given to telefcopes ; firft, becaufe thof¢
particulars are not neceffary for illuftrating the
principles of optical inftruments ; and fecondly, be=
caufe the particular defeription of thofe external
parts, in all. their variety, would require a great
many more pages than can poffibly be allotted to it
in thefe elements. There are however two ufeful
appendages to telefcopes, which deferve to b6
briefly defcribed.

A finder,viz, a fhort telelcope A, fig.8,1s gencra”Y
affixed to the tube of a large telefcope, for the pur~
poﬁl
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POfe of finding out an objet expeditioufly. This
finder does not magnify the objeét more than 4, 6,
Or 8 times ; but it has a great field of view, fo that
through it a great part of the heavens may be feen
At once. In the infide of its tube, and exadtly at
the focus of the eye glafs, there are two flender
Wires, which crofs each other in the axis of the te-
felcope. Now the finder is adjufted by means of
fcrews upon the tube of the great telefcope, in fuch
4 manner as that when an object, feen through the
finder, appears to be near the crofling of the
Above-mentioned wires, it is ar the fame time vifi-
ble through the great telefcope 1 hence, when the
obferver withes to view a fmall diftant objeét, as a
ftar, a planet, &c. he moves the inftruntent to-one fide
Or the other, until, by looking through the finder,
he brings the obje& nearly to coincide with the
Crofling of the wires, and when that rakes place,
h““_ immediately looks through the large te-
I“COPE, &ec.

A micrometer is an inftrument, which is ufed
With g telefeope, for the purpofe of meafuring fmall
imglts.
Contriy

A great variety of micrometers have been
ed by various ingenicus perfons; and they
ar ; : :

€ more gr lefs complicated, more or lefs expen-

iy . ~ .
' as alfo more or lefs accurate, If the reader
“'”:h. o QXami:

: e the conftruétion of any of the va-
rious

Micrometers, he may perufe the works that

o2 are
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are mentioned in the note®, T fhall only fubjoin
the defcription of a very fimple, and, at the famé
time, accurate micrometer, which I contrived fom¢
years ago ; but we may previoufly obferve, that i
general the micrometers meafure the fize of the
image, which is formed in the focus of the eye lens
or of the eye lenfes withia the telefcope ; for know=
ing the magnifying power of the telefcope, one may
ealily calculate to what angle fuch meafurement
correfponds.. For inftance; if the telefcope magniff
30 times, and the length of the image of the objett
is fhewn by the -micrometer to fubtend an angle of
two minufes ; then we may conclude that the real
objet fubtends an angle of the joth part of two
minutes, viz. an angle of four feconds; and {0
on. _

My micrometer confifts of a fmall femitranfparent
fcale or flip of mother-of-pearl, about the:2oth part
of an inch broad, and of the thicknefs of common
writing paper. [t is divided into a number of equal

e

# Dr. Smith’s Optics, Book III. Chapter VIII. for the
carlielt micrometers. Dollond’s Micrometer, Phil. Tranfs
vol. 61, p» 536, Bofcovich’s Micrometer, Phil. Trﬂﬂ{I‘
vol, 67, p. 789, 799. Rochon’s Micrometers ; his Recuéit
de Mem, fur la DMecaniqus et la Phyfigue. Ramfden’s
Micrometers, Phil, Tranf vel. 6g, p. 419, Eerfchel
Lamp-Micrometer, Phil. Tranf. vol. g2. Art X1
Smeaton’s Equatorial Micrometer, Phil, Tranf, vols 77

Art, XAXII,
PaftS
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parts by means of parallel lines, every fifth and
tenth of which divifiens is -a little longer than the
reft. ‘

This micrometer, or divided fcale, is fituated
within the tube at the focus of the eye lens of the
telefcope, where the image of the objet is formed,
and with its divided edge pafling through the centre
of the field of view; though this is not abfolutely
neceflary. It is immaterial ‘whether the telefcope
be a refractor or a reflector, provided the eye lens
be convex, and not concave, as in the Galilean te-
lefcope.

The fimpleft way of fixing it, is to ftick it upon
the diaphragm, which generally ftands within the
tube, at the focal diftance of the eye lens.

By looking through the telefcope, the image of
the objeft and the micrometer will appear to coin-
Cide : hence the obferver may eafily fee how many
divifions of the latter meafure the length or breadth
©f the former ; and knowing the value of the divi-
fions of the micrometer, he may eafily determine
the angle which is fubtended by the obje&.

There are feveral methods of afcertaining the
Value of the divifions of a micrometer in a given
telefcope. - The following is one of the eafieft.

Dire&t the telefcope to the fun, and obferve how
many divifions of the micrometer meafure its dia-
MEter exatlly ; then take out of the Nautical Al-
manack the diameter of the fun for the day in which
the obfc;v'ation is made; divide it by the above-

: v 3 mentioned
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mentioned number of divifions, and the quotient
is the value of one divifion of the micrometer-
Thus, fuppofe that 26 £ divifions of the microme-
ter mealure the diameter of the {un, and the Nauti-
cal Almanack gives for the meafure of the anﬂlt’:
which is fubtended by the fame diameter, 31y 22 ?

or (by reducing it all into feconds) 1882". Dwxdﬁ
1882" by 26,5, and the quotient, negle&ing a fmall
remainder, is 71%, or 1, 11”5 which is the value of
one divifion of the micrometer; the double of
which is the value of two divifions; the treble is
the value of three divifions ; and fo forth *.

The Microfeope is another moft ufeful, inftruc-
tive, and pleafant optical inftrument. As the tes
lefcope enables us to diftinguith objeéts, or the
parts of ebjects that are otherwife invifible on ac-
count of their being too remote from us; {o the
microfcope enables us to perceive fuch {inall ob=
jeéts and their parts, as are otherwife abfolutely in-
vilible to us.

It has already been obferved, that there are tw0
forts of microfcopes, viz. the fimple, which confifts
of one lens, and the compound, which confifts of

* For farther particulars ‘relative to this mother-of- carl
micrometer,fee the Philofophical Tranfadtions, vol. I X X XI-
Art. XIX. or its feparate defeription publifhed in London i
the year 1793, wherein other methods are deferibed of 8
certauiing the value of its divifions, when the telefcope docs
not take in the whole difc of the fun,
more
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more than one lens. The folar and the lucernal
microfcopes are fometimes confidered as two other
fpecies of microfcope ; but in truth they are only
fimple microfcopes, wherein the objedls are illu-
Minated either by the fun’s light or by a lamp,
Candle,; &c.

Of the properties of the fimple microfcope, viz. of
the magnifying power, &c. of a fingle fmall lens,
fufficient mention has been made in the preceding
Pages. We fhall only obferve with refpe& to its
limits, that {mall lenfes have been made, whofe
focal diftance was fhorter than one 200th part of
an inch, and which of cour{e magnify the object up-
wards of 1600 times in diameter; but very feldom
any fuch lens turns out fufficiently well thaped and
well polithed. Globules of glafs have alfo been
Conftructed by means of a lamp and blow-pipe,
Whofe diameter was about the 1ocoth part of an
mch, and of courfe their magnifying powers were
Prodigioufly great. But fuch fmall lenfes or globules
re managed with very great difficulty 5 their field
of view is extremely {mall, and, as the obje&t muft
be brought exceedingly near their furface, they are
ﬂle‘reby eafily dirtied or fcratched, and cenfequently
*endered ufelefs. Tt muft be acknowledged, how-
“Ver, that through a fingle lens, when it is well
fhaped angd well polithed, an ebje& appears much
clearer and: mope diftin&, though a lictle more dif-
torted,  thap through a compound microfcope of
€qual Magnifying power.

U 4 Fig.
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Fig. g, Plate XXIL reprefents the two lenfes of 2
compound microfcope. acb is a fmall objeédt, placed
not precifely at, but near the focus of the fmall obje&t
lens ¢ f, and the rays of light which proceed from
any fingle point of the object, are by the action of
that lens converged to a focus fomewhere about
ABC, where an image is formed, which is larger
thant the objelt, in proportion as the diftance B¢
exceeds the diftance ¢¢;  Another larger lens DF
is fituated fo that its focus may be at B ; then the
eye of the obferver at I will view the image A Cs
magnified by that large lens DF  or in other words
the rays which proceed from each fingle point, for
inftance ¢ of the objeét; by pafling through the
lens df, are converged to a focus By where they
crofs each other, and then proceed divergingly
through the eye lens DF, which caufes them to
proceed nearly parallel to the eye,

The magnifying power of this microfcope 8
ealily computed ; for firft of all, the image A C is
to the objeét as the diftance Be is to the diftanc®
¢¢3 and fecondly, the image AC will be feen by
the eye at'L, under the angle DIF, which is equal
to the angle AEC; and therefore that image will
appear s much longer than to the naked eye, @5
the diftance BE is fhorter than 8 inches (or the
limit of diftin& vifion with the naked eye) ; fo that
if the diftance e¢ be one inch, ¢B fix inches, and
EB two inches, then the image A C is fix nmes

[y I

longer than the objet 2 &, and that 1mage is mag”
wificd four times by the lens DF 5 {o that upon the

wh ole
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whole, to the eye at I the objettaé will appeat
magnified 4 times 6, or 24 times.

This microfcope has a larger field of view than a
fimple microfcope of the fame power ; and its field
of view is rendered larger fill by the addition of
one or two more lenfes inftead of the fingle lens
DF. The magnifying power of the inftrument,
with more than two lenies, muft be computed from
the effed of all the lenfes ; or it may be alcertained
experimentally in the following manner. Place
part of a divided ruler before the microfcope, fo
thar; looking through the inftrument, you may fee
one of its divifions «nagnified ; then open the other
eye alfo, and looking with it at the ruler out of the
micrefcope, you will perceive the image of the
magnified divifion as it were projefted upon the
tuler ; and you may eafily fee how many divifions of
the unmagnified ruler meafure, or are equal to, the
fingle magnified divifion, and that number is the
Magnifying power of that microfcope. Thus, if the
ruler be divided afrer the commen way into inches
and tenths, and if you find that one magnified
tenth is equal to three inches, you may conclude
that the microfcope magnifies 30 times.

Different fhapes, and likewife different ules, of
the fimpie or compound microfcope, have given
thofe inftruments @ variety of names, which, in
truth, are dependent not upon' the principle, but
upon the apparatus, which is neceffary either “to
render-it portable, or fteady, or applicable to any

particular
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particular purpofes  Thus, we hear of the agualic
nicrofcope, opaque smicrofeope, (viz. for viewing opaque
objeéts) Wilfon's microfeope, &e.

Microfcopes have been alfo made by means of
refleCtors ; hence they are called reffecting mi-
erofcopes.  ‘The principle of their conftruétion may
be eafily derived from what has been faid above
with refped to the refleting telefecope. Bur, upon
the whole, reflecting microfcopes are neithér {o
ufeful nor fo manageable as thofe with lenfes.

Micrometers have been applied to compound
microfcopes, as well as to telefcopes, and generally
in the [ame manner, viz. at the place where the
image is formed within the body of the microfcope.
There are however fome micrometers applied to the
objet itfelf; viz. the objeét is laid upon a divided
flip of glafs, of ivory, or of metal, &c. and are both
magnified at the fame time. But thefe micromerers
are by no means fo eafy of application, nor fo ge-
nerally ufeful, as thofe which meafure the image
within the microfcope; amongft which the mother-
of-pearl micrometer (fuch as has been defcribed
above for the telefcope) is by far the moft accu-
rate, as well as the fimple(t. Itis only neceffary to

. obferve, that with the microfcope this micrometer

meafures the lineal dimenfions of the ohject ; and
the value of its divifions are afcertained by placing
an obje& of a known dimenfion before the mi-
crofcope, and by obferving how many divifions of
the micrometer meafure its magnified image ; for
inftances
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inltance, place 2 piece of paper, which is exactly
one-tenth of an inch long, before the microfcope,
and if vou find that o divifions of the micrometer
meafure its magnified image, you may concludé
that each divifion is equal to, or rather denotes an
extenfion of the sooth part of an inch in the ob-
jEC for f5n divifions meafure on e-tenth, £00

divifiens muft meafure the whole inch; and {0
forth.

The laft inftrument which T fhall mention in this
chapter, 1s called photometer, ot meafurer of light;
its office being to indicate the different qmnr'tics of
light ; for inftance, 1n a cloudy or bright day,
between different luminous bodms. But as a2 com-
modious inftrument of this fort is rather a defidera-
fum in philofophy; 1 fhall only mention in general
terms, that the ratio of the intenfities of two lumi-
nous objetts have been attermpted to be meafured
by placing them at different fiftances from a given
obje&, until that obje@ caflt two fhadows of equal

darknefs; or by obferving when two equal abjeéts
appeared to be equally illuminated, each by one of
the luminous ob yects ; for then the proportion of
the intenfities of their lights was reckoned to be as
that of the fquares of the diftances. For inftance, if
two equal objects appear to be equally illuminated,
when ope of them is three feet from a tallow can-
dle; and when the other is nine feet from a wax
candle ' then ir is concluded that the ntenfity of the
light
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light of the tallow is to that of the wax candle 4
gto §1¥,

The intenfity of light has alfo been meafured by
means of an extremely fenfible thermometer, and
the contrivance is a very curious one 4 ; but this
proceeds upon the fuppofition that heat and light
are the fame thing, or that they are always accom-
panied in equal degree; or that the fame quantity
of light does always excite the fame quantity of
heat ; which is niot the cafe,

* See Count Rumford’s Paper in the Philofophical Tranf-
altions, Volume for the year 1794. Art. IX. as allo
Prieftley’s Hiftory of Light, Colours, and Vifien; P, VL.
Sed. VII.

1 Nicholfon’s Journal of Natural Philofophy, Chemiftsy,
&c, vol, 111, pages 461, and 518.
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CHAPTEZR VIl

NATURAL PHENOMENA RELATIVE TO LIGHTS.

E have referved for this chapter the account

of fuch natural phenomena refpeting light,
as could not be inferted in the preceding chapters,
without interrupting the general theory of oprigs,

The rainbow is undoubtedly the moft frequent,
the moft remarkable, ahd the more generally
known, of thofe phenomena. We fhall, in the
firfk place, ftate the particular circumftances that
attend its appearance, and fhall then fubjein the
ufual explanation, which is derived ﬂom the above
defcribed theory of optics.

When the fun is on one fide of the {peétator, and
fain falls on the other fide, a beautiful coloured arch
is ﬁ”ﬁq uently feen in the fky on the fide of the rain.
This coloured arch is called the 7ainbow ; and often
*Wo fuch arches are feen one within the other, as in
fig. 10, Plate XXI1,

The colours of the inner bow EABF, are much
n‘mrc vivid than thofe of the outer bow GCDH.
Each bow exhibits all the prifmatic colours, ar-

ranged




302 Natural Phenonena relative to Light.
ranged in the fame order as in the prifimatic fpec-
trum, viz. red, orange, yellow, green, blue, indigo;
and violet; but the order of thofe colours in the
upper bow is contrary to that of the lower; the
Iatter having the violet at A, and the red at B; but
the former having the red at C, and the violet at
D. Thofe colours are blended into each other, fo
that no ey¢ can diftinguifh their boundaries ; and
indeed for moft eyes it is difficult to diftinguifh
more than the three or four more predominant co-
lours.
Sir Ifaac Newton calculated the breadch of each
bow, as alfo the diftance between them ; but on
the fuppofition that the lisht which comes from the
fun and forms the bows amongft the drops of rain,
came from a fingle point, viz. from’ the centre of
the fun.  The vefult of that caleulation is, that at
the eye of the obferver, the breadth of the internal
or lower bow fhould fubtend ,an angle of 1¢, 45
the breadth of the external, which is much broader,
fhould fubtend an angle of 3°, ¥¢'; and that the
diftance between the two bows fhould fubtend an
angle of 8, 55" Bur as the fun is not a point,
and as the. light proceeds from every part of ifs
furface, the diameter of which fubtends an angle
of about half a degree; therelore the breadihs of the
bows are larger; and the diftance between them 15
lefs than the above-mentioned refults,  A&ual
mealurement with a quadrant, when the colouss
are vividy conftantly fhews that the breadth of the
lower
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lower bow fubtends an angle of 2e, 15'; the breadth
of the upper bow fubtends an angle of 3° 40, and
the diftance between both bows fubtends an angle
- of 8, 25, Alfo the femidiameter of the circle, of
Which the external part of the lower bow is an arch,
fubtends an angle of 42°, 17'; ‘and the femi-
diameter of the circle, of which the internal part of
the upper bow is an arch, fubtends an angie of
§0°% 42,

The fitvation of the rainbows changes according
as the eve of the fpetator changes fituation; for
otherwife their breadths, &c. could not {ubtend
conftantly the fame angles; hence no two perfons
can {ee the fame bow precilely, or the fame colour,
in the very fame place,

When the fpectator is upon a plain, and the fun
i3 clofe to the horizon, the rainbow is a {emicircle ;
but, according as the fun is higher above the hori
Zon, {o the rainbow is a fmaller part of a circle.
The inner or lower bow cannot appear when the
tlevation of the fun exceeds 42°; and even the
Upper bow difappears, when the elevation of the fun
CRceedy g

When the fpeftator is upon an eminence, and
the fun i near the horizon, then the rainbow may
€xceed a femicircle; and if the elevation of the
fpetator be very great, and the rain near him, then
the rainboy, may form a complete circle: for in all
€afes the centre of the bow, the fpeQtator, and the

fun
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fun, muft be in the fame ftraight line, which is called
the line of afpei.

‘Cherainbow fometimes is complete from one part
of the ground to the other; and at othér times it 18
interrupted, either in the middle or in fome other
part.” This happens when the rain is partial ; for
it is in the drops of rain that the bows are formed,
or that the light is difperfed into its coloured rays.
The interruption, however, may alfo be produced
by the interpolfition of clouds, &c.

It follows likewife, from the various diftances of
the rain, and from the wind, which impels the rain
obliquely, that fometimes the rainbow appears in-
clined, or even of an oval form.

‘The ufual way of accounting for the formation
of the rainbow, or for the difperfion of white
Iight into colours, amongft .the drops of rain, 1s as
fo'i‘]ows :

et s¢D, fig, 11, Plate XXII. reprefent 3
drop of water in the fky. Sy is a beam of the
fun’s light that falls upon it,  This ray, on account
of the refra@ive power of water, will not proceed
ftraight towards F, but will be bent towards-the
perp'cndicular sC, fo as to impinge upon the furfac®
of the drop at £, ' At thac place part of the light
pafles through the drop into the air; but anothef
partof it is refleCted, making the angle of refletion
equal to that of incidence, and in coming out of the

water into the air at ¢, s refracted, v1z bent from
g the
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the fraight dire@ion ef, foas to make the angle
?¢0, with the perpen hCL]lﬂ,i‘ € p, larger than the
angle C e# (fee page 169.) In fhort, the beam of
“Eht Ss, by going in and out of the di rop, {uffers
two reffaltions, viz. at sand ¢, and one refletion
at . By calculating the directions it muft take-at

¥

thofe places, (according to the method i defcribed
in page 190,) it will be found that the angle SF'O
R GO

By thefe refractions the light 1s difperfed into
the prifinatic colours O e B the red light, as the
leaft refrangible, being next to ¢ O; and the violet
next to ¢B; therefore an eye firuated at O will
perceive a red light at e If the eye be raifed
gradually higher, it will perceive the orange nexr,
then the yellow, then the green, &c. and laft of all
will perceive the violet.

Now this would be the cafe if thete were a fingle
drop of rain in the flky, and that drop remained im-
Moveable : but it is eafy to conceive that if the eye
of the fpeltator remain immoveable, and the drop
defeend gradually from C to E, then the eye will
likewife perceive all the colours fucceffively, from
the red to the violet; and fince, in a fhower of rain
A vaft number of drops are to be found at the fame
time between C and E; thercfore the eye will at
the fame time receive the red light from the drops
at C, or near i, the oran ge from ﬂmns that are a
liccle lower, the yellow from thofe - that are lower

fily, & at
I, &e. ; and, laitly, the violet from the lowelt

VOL, 1I1. - at

-




306  Natural Phenomena relative to Light.

at E. Hence the violet, which is {een in the direc-
tion O E, is the loweft colour of the firft rainbow ;
and the red, which is {een in the direftion O, is the
higheft.

Since the incident and the refrafted ray muft
make a given angle, as SF O, in order to fhew a
certain colour; it follows, that the rainbow muft be
the arch of a circle, or rather the bafe of a cone,
the axis of which (viz. the line of afpesi) pafles
through the eye of the fpectator, and through the
fun,iwhich forms the vertex of the cone ; for in that
cafe only ftraight lines drawn from any point of the
rainbow to the {un, and to the eye of the obferver,
form the fame requifite angle. Hence we fee why,
when the line of afpect is upon the horizon, the bow
muft be a femicircle ; alfo, why it muft be lefs than
a femicircle, when the line of afpect is inclined from
the fun downwards, &c.

Having fpoken above of the incident ray, of
beam of light S5, it may perhaps be neceflary to
obferve, for the fake of perfpicuity, that this is not
the only light that falls from the fun upon the drop
s5¢D; for there are numberlefs rays that fall upon
its whole furface; but as they fall with different
inclinations, fo all their emergent parts cannot come
to the fame eye: hence we have taken notice of
that light only, which impinging upon the drop it
the diretion S s, can (after the two refractions
s and ¢ and a refieCtion at #,) come to the €¥¢
at O,

Thert
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There is, however, another part of the light inci-
dent upon a drop of rain, which, after two refrac~
tions, and two refleétions, can come to the fame eye
When placed at a proper diftance; and this is the
light which forms the fecond or external rainbow.

Let 4G s (fig. the fame) be a drop of rain higher

than the drop s#D. Y s is a ray of light, which en-
ters it at 5, and inftead of proceeding ftraight to-
wards g, is refrafted towards the perpendicular sC ;
it is then partly refleed from 4 to ¢, and again
from ¢ to g; making both at 4, and at ¢, the angles
of reflection refpeétively equal to the angles of inci-
dence. Laftly, on going out of the drop at g, this
ray is refracted from the perpendicular ¢C, and is
difperfed into the coloured feéor Bg O, having the
violet colour, which fuffers the greateft refraction,
Dext to Bg ; and the red, which is the leaft refran-
gible next to gQ; fo that the colours of the upper
Tinbow are in an order contrary to that of the
lower rainbow. By calculating the changes of the
dire@tion which take place at the two places of re-
fration s, g» (fee page 190,) and at the two places
of reflection d, e, it will be found that the emergent
red fay ¢O, makes with the incident ray Y 4, an
angle 05 of 500, 57",

On account of the light fuffering one refleCtion
~ More, and continuing longer in the drop G4s than
i the drop 57D, the angle of difperfion Bgo is
larger than the angle of difperfion O¢B: hence
the upper rainbow is broader than the lower; but

X 2 its
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its colours are not near fo vivid as thofe of the
lower,

I need not repeat what has been faid above 1o
explanation of the particulars relativé to the form,
extent, &c. of the lower rainbow ; for the fame ex-
planation, with few obvious changes, is applicable
to the upper rainbow.

A rainbow is alfo produced, and for the fame
reafons, by the light of the moon ; but (as it may
naturally be expeéted) the colours of the lunar rain-
bow are not nearly fo vivid as thofe of the folar
rainbow ¥,

Such a coloured bow is not unfrequently feen at
fea in the fpray or drops of water, which the wind
difperfes or carries away from the tops of the waves.
The colours of, this bow are not fo lively as thofe
of the common rainbow ; the moft vivid are 2
yellow next to the {fun, and a green next to the
fea. Thofe bows, of which a great many are often
to be feen at the fame time, have a pofition con~
trary to that of the common rainbow; viz. the
curve part is towards the fea, and the legs up-
wards.

A coloured bow is always to be feen amongft the
fcattered water of a jet,.a broken cafcade, and the
like, when the fun and the fpetator are in propef
fituations. :
Rl =
n the

# See the account of a remarkable lunar bow i

Philofophical Tranfadtions, N° 331 _
Sometimes
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Sometimes 2 coloured bow is caufed by the re-
fraStion of the fun’s rays in the drops of dew upon
the grafs,. The convex part of fuch bow is turned
towards the {pettator.

In fhort, a coloured bow, larger or fmall@r,
ftronger or weaker, according to circumftances, is
always to be feen when drops of water, the {in, and
the fpectator, are properly fituated. A perfon may
{fee ir if he torns his back to the fun, and forces
fome water violently, and in broken ftreams, from
his mouth. - But the beft way of imitating a rain-
bow is to fallen a number of fmall folid glafs balls,
or 2 number of fmall glals bubbles full of water,
upon a dark board, and to prt{f'nt the board thus
furnithed to the fun at a proper inclination, which
experience eafily finds, whilt you turn your back to
the fun and look at the board.

Another fort of luminous appearances under the
Name of halos or coronas, may be frequently ob-
ferved in the fky. Thefe are circular zones of pale
]ight, moftly white, but {omerimes varioufly ce-
1°Urrd, which are feen round the fun, the moon,
and even round fome -very bricht ftar or planet.
The 11:1]0 is fometimes quite clofe to the luminous
bod dy. Thofe which have been feen about Sirius
“ and Jhpxtﬂr were never more than 3, 4, Or § de-
:‘ grees in diameter ; thofe which furround the
* moon g, alfo, fometimes no more than 3 or 3
degrees, Bur thefe, as well as thofe which fur=
round the fun, are of very different magnitudes,

%3 « yiz.

113

114
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* viz. from 12°% to go°, or even larger than this.
¢ Their diameters alfo fometimes vary during the
¢ time of obfervation ; and the breadths both of the
“ coloured and white circles are very different, viz.
“ of 2, 4, or 7 degrees.

¢ The colours of thefe coronas are more dilute
% than thofe of the rainbow ; and they are in a dif-
¢ ferent order, according to their fize*,”

Coronas may be produced by placing a lighted
candle in the midft of fteam in cold weather.

Various opinions have been entertained by dif-
ferent philofophers concerning the real caufes of
fuch halos or coronas. But whether they are owing
to the refraction, or the refle@ion, or the infle &ions
of light, or to all thofe caufes, and in what propor-

—s

# & In thofe which Newton obferved in 1692, they were
¢ in the following order, reckoning from the infide. In
¢ the innermoft were blue, white, and red; in the middle
% were purple, blue, green, yellow, and pale red; in the

'¢¢ outermoft, pale blue, and pale red. M. Huygens obferved

[4

red next the fun, and a pale blue outwards. Sometimes
they are red on the infide, and white on the outfide. Mr-
& Weidler obferved one that was yellow on the infide, and
% white on the outfide. In France one was obferved in
« 1683, the middle of which was whitz ; after which fol-

% lowed a border of red, next to it was blue, then greem
14

144

and the outermoft circle was a bright red. In 1728 o#®
# was feen of a pale red outwardly, then followed yellows
¢ and then green, terminuted by white.” Prieftley’s Hifte
of Vilion, Light, and Colours, P, VI, Sed, XI,

T o ' - gion;
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tion, is not yet fatisfattorily determined *. It ap-
pears, however, that they are formed in fuch aggre-
Sations of vapours as are not heavy enough to fall
In the form of drops-t.

A’ more remarkable, but much lefs frequent,
fpecies of phenomena are fometimes feen in the
heavens ; they are called parbelia and parafelenes,
vulgarly called mock-funs and mock-moons. They
feem to be reflections of the fun and of the moon
from zones of denfe vapours that happen to be
colleGted in the fky.

Parhelia have been feen and are mentioned by va-
rious authors 1
“ The apparent fize of parhelia is the fame as
that of the true fun; but they are not always
round, and -alfo, they are not always, though
they are fometimes faid to be, as bright as
‘ the true fun. When there are numbers of

et L

~

4

* The various opinions are colleéted by Dr. Prieftley in
the above-mentioned Section of his Hiftory, &c. See allo
42 anonymous publication, entitled, 4n Account of Irides or
Corone,  London 1799,

_T Defcartes remarks, that halos never appear when it
Faing, Dioptrics, page 230.

% Ariftodle, Pliny, Gaffendi, De la Hire, Caffini, Def-
cartes, Newton, Mr. Grey, Dr. Halley, &c. but a concife
“CCount of 4]) their obfervations, as alfo of the opinions -
;.T:;fhhha‘-’ﬂ been entertained cencerning the formation of
V‘i_ﬁnﬁ eE?mena, may be feen in Dr. Prieftley’s Hiﬂorya of
th » Light, and Colours, P, VI. Se&. XI. from which

¢ above account js taken,

X 4 “ them,
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of them, fome are not {o bright as others. Ex-
ternally they are tinged with colours, like the
rainbow, and many have a long fiery tail oppo-
fite to the fun, but paler towards the extremitye
Dr. Halley obferved one which had tails extend-
ing both ways, and fuch a one alfo M. Muichen-
broeck obferved in 1753, the tails being in 2
right line drawn through both the funs. Both
of them, alfo, were in coloured circles. M.
Weilder faw a parhelion with one tail pointing
upwards and another downwards, a little crook=-
ed ; the external limb, with refpeé to the fun,
being of a purple colour, and on the other fide it
ad

ved with the colours of the rainbow. The

L ]

was tin

& Coronas generg iy parhelia, {ome

with the colours of the rainbow, and

er 10 number and fize,

thers white. - They diff

sut they are all of the fame breadth, which 18

e 7
e iun.

that of thé apparent diameter of

¢ A very large b arallel to the ho-

rizon, generally pafles through all the parhelia;

and if it were entire, it would go through the

cenlre of the {un. Sometimes there are ares of

¢ leffer circles concentric to this, touching thofe

coloured circles which furround the fun,  They
are alfo tinged with colours, and contain othef
gt-arhelia."

(){ the aurore borealis, or worthern light, we fhall

make
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-make mention in the next fection, under the title
of FleGricity: but we fhall jult obferve in this
place, that fometimies, though by no means fre-
quently, a pale white light more or lefs extended,
is feen in the fky, the caufe of which is not known.

It differs from the northern light principally by its

b::in.g fteady and uniform, whereas the northern light
is lambent and changeable. The farmer is like- °
wife more denfe than the latter; for it generally
eclipfes the ftars over which it paffes. A remark-
able appearance of this fort was obferved in Lon-
don on the night of March the 27th, 1781 %,

The zediaeal light is a fort of pyramidal white-
nefs, which is fometimes feen above the horizon
after the fewing of the fun, or before its rifing-  Its
whitenels is not much unlike that of the vig laffes,
or milky way. Its bafe is towards the fun, and its ,
extenfion is in the plain of the zodiac. Caffini
feems to have firft taken notice of it in 1683, In
the torrid zone the zodiacal light is frequently, or
almoft conftantly feen. At or near our latitude 1t
may be feen about the time of the equinoxes, The
breadth of this whitenefs is various ; at the horizon
it varies from 8 to 30 degrees; its extenﬁon,l
reckoning from the.fun to the apex of the light, ge-
nerally exceeds 45° Mr. Pingre, being in the
torrid zone, faw it of 120 degrees.

* Philofophical Tranfations, vol, 71, Art. XVI.
, 3 AL
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«« At prefent, fays de la Lande, it feems to be
« generally belicved, that the zodiacal light is the
¢ atmofphere of the fun; for it always accompanies
that Juminary, and the equator of the fun is in
¢ the direction of the zodiacal light. Therefore in
< all probability the zodiacal light is an atmofphere
“ fituated round the fun in the direction of its equa-
¢ tor, and flattened by its rotatory motion*.”

(14

Various accounts of peculiar luminous appear-
ances” that are feen in particular places, and which
are evidently owing to certain peculiar difpofitions
of meuntains, houles, rivers, and other objects, are
to be met with in different books ; but none
of thefe feems to be more remarkable, and lefs un-
derftood with refpect to its caufe, than the famous
Fata Morgana, or apparition fo called, which i
frequently feen near the city of Reggio, fituated
towards the extremity of the kingdom of Naples,
and facing the ifland of Sicily.

* When the rifing fun fhines from that point,
whence its incident ray forms an angle of about
45 degrees on the fea of Reggio, and the bright
furface of the water in the bay is not difturbed
either by the wind or the current, the fpectator
being placed on an eminence of the city, with his
¢ back to the fun and his face to the fea;—on 2
fudden there appear in the water, as in a catop-
tric theatre, various multiplied objeéts, viz. num-

—

(49

* Aftronom, Paris 1771, § 845 to 849.

« berlefs
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berlefs feries of pilalters, arches, caftles well de-
lineated, regular columns, lofty towers, fuperb
palaces, with balconies and windows, extended
alleys of trees, delightful plains with herds and
flocks, armies of men on foot and horfeback, and
many other ftrange images; in their natural co-
lours and proper actions, paffing rapidly in fue-
ceflion along the furface of the fea during the
whole of the thort period of time while the above-
mentioned caufes remain.

« Bue if, in addition to the circumftances before
deferibed, the atmofphere be highly impregnated
with vapour, and denfe exhalations not previ-
oufly difperfed by the a&ion of the wind or
waves, or rarefied by the fun, it then happens
that in this vapour, as in a curtain extended along
the channel to the height of abour 30 palms, and
nearly down to the fea, the obferver will behold
the fcene of the fame objects not only reflected
from the furface of the fea, but likewift in the air,
though not fo diftin& or well defined as the for-

‘ mer objedts from the fea.

“ Laftly, if the air be flightly hazy and opake,
and at the fame time dewy and adapted to form
the iris, then the above-mentioned objeés will
appear only at the furface of the fea, as in the
firft cale, but all vividly coloured or fringed with
red, green, blue, and other prifmatic colours*.”

* o . =
Diffrtazione prima fopra un Fenomeno volgarmente dette

Fata Morgana, Dl P, Antonio Minafi. Roma 1773-

This
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This phenomenon is related with fome variety of
circumftances, and has been differently e:-;pI-.lir.ei

by various writers. Upon the whole, it feems that

D
e e c £ { ces, &rc. are only thé
the appearances of houfes, trees, &c. are only th

1. i

reflections of the objelts of the city of Reggio, and

of the coaft. They feem to be reflefted from the
furface of the fea, and from the furface of denfe va-
pours or clouds in the air clofe to the fea; and ac-

€ord er' to the various forms and number of the re-

fetine furfaces, thole oby are multiphed, mag-
nified, inverted, elongated, or f:-‘;}"sf;rr.'z';r diftorted-

But the exatt t‘:-\'i:la;‘.:f*

¢i the phenomenon

of future ob-

mult be left for the
fervers.

1 thall clofe this chapter with a concife account
of phofphorefcent bedies, among which I fhall
reckon the ignis fatuus, or jack-a-lant

The name of phofphorus has of late been given
to a particular primitive fubftance, of which fuffi-
* cient mention has been made in the fecond volume€
of thefe Elements; but in its more extenfive appli-
cation, that name means every fubftance that
{hines in the dark, without the prodution of fen-
{ible heat.

The phoﬁuhorefcent bodies may be divided int®
five fpecies, viz. I. The living animals which have
the property of (hining %n the dark, fuch as glow-
worms, lanterrt Aies, of which there feems to be fe-
veral fpecies, but of the mechanifm which produces

their light, nothing certain is known. In this countty
fome
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{fome of them, in their beft ftate, afford light barely
enough to read the hour ona watch that has a clear
dial. In warmer climates their light is much mere
powerful. - The light of thofe infe&ts generally
ceafes after death ; but whilft living they may either
fhow it or not at pleafure. '

II. Thofe bodies which abforb licht, and then
yield it in the dark.

A vaft number of fubftances have the property
of fhining for a certain time in the dark, after hav-
ing been previoufly expofed to light; but they have
it in different degrees of intenfity as well as of du-
ration. . Several precious flones, and calcareous
bodies, efpecially after calcination, have this pro-
perty,-as alfo paper, and almoft all vegetable and
animal fubftances when very dry, or after folution
in nitrous acid. Metallic fubftances and water have
not this property ; yet congealed water, viz. ice,
and efpecially fnow, have it in a confiderable de-
gree ®,

There is a mineral, called the Bolognian flone,
which, after due preparation, has this property in a
very remarkable degree +. Thofe flones are moftly

found

b

* Beecari’s Experiments in the Comment. Bonon,
vol, ‘vf Page 106.

T The Proper or effeCtual method of preparing this frone
feems to be kept fecret. Several trials made in this country
have fucceeded byt partially. . Klircher direts to reduce the

{tone
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found in the neighbourhood of Bologna. This is an
heavy grey fpar of the barytic genus, properly called
borgfelenite, and, from its weight, marmor metal-
lieum. .

If this ftone, after due preparation, be expofed to
the day light, and then be brought into a dark
room, it will be found to fhine with a darkifh red
light, or to appear like ignited coals. ‘This fhining
continues a few minutes, gradually decaying, and
laftly vanifhing. By expoling it again to the day
light for a few feconds, its fhining property is re-
newed as often as one pleafes. It will become lu-
minous even by expofing it to candle light.

The refiduum of the diftillation of chalk and ni-
trous acid has the fhining property, fimilar to that
of the bolognian ftone, though not in fo great 2
degree. ‘This is called (from its inventor) Baid-
win's pho/phorus,

Several other preparations have the property of
abforbing light, and then of yielding it in the dark ;
but none has it in fo eminent a degree as that

ftone into a fine powder, together with white of egg, water
or linfeed oil. The patte thus formed muft be put in 3
furnace, and muft be calcined to a certain degree. Others
dircék to piace the bolognian fione amongft lighted charcoals
and to leave it undifturbed therein until the coals are con=
fumed. Other methods have alio been defcribed 3 but, n0t
knowing which of them is the beft, I fhall not trouble the
reader with any more of them, ;
& : which



Natyral Phenomena relaiive to Light, 379
which was . difcovered by the late Mr. Canton,
and which is prepared in the following manner :

“ Calcine fome common oyfter-thells,” (if they
be old, and half calcined by time, fuch as are found
upon the fea-thore, they are fo much the better)
“ by keeping ther in a good coal-fire for half an
 hour; let the pureft part of -the calx be pulve-
“ rized and fifted ; mix with three parts of this
“ powder one part of the flowers of fulphur ; let

¢ +his mixture be rammed into a crucible of about

¢¢ a5 inchand a half in depth, till it be almoft fuli;
« and let it be placed in the middle of the fire,

«« where it muft be kept red hot for one hour at

a€

leaft, and then fet it by to cool ; when cold, turn
it out of the cru

" cible, and cutting or breaking it

to pieces, fcrape off, upon trial, the brighteft part,
which, if good phofphorus, will be a white pow-
der, and may be preferved by keeping it in a dry
phial with a ground ftopple®.”

If this phofphorus, whether in the phial or not, be
kept in the dark, it will give no light, but if it be
expofed to the light, either of the'day, or of any

143
L1
©

€

Other body fufiiciently luminocus, and afterwards be
br(mgh[ into a dark place, it will appear luminous
for a confiderable time, viz. 2 few minutes. Its light
Is white with a thade of blue or green.

: A little of this phofphorus, when firft brought
0 2 dark room, after having been expoled for a

* Philofophical Tranfallions, vol. 58, page 337 :
; cw
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few feconds on the outfide of 2 window to the com-
mon day light, will give light enough to difcover
the hour on a watch; provided the eyes of the ob-
ferver have been fhut or in the dark two or chre€
minutes before.

Tt has been long queftioned whether thofe phof-
phori fhine by yielding the light which they have
firft imbibed, or by yielding their own light, kindled
as it were by the action of foreign light; and though
the former opinion be by far the moft probable;
yet the queftion is not quite fatisfactorily deter-
mined.

In order to elucidate this point, various ingenious
perfons have attempted to illumine thofe phofphori
by coloured light, as for inftance, by red, or greens
or blue, or yellow light ; but their refults do not
agree. Algarotri aving illuminated the bolognian
phofphorus, by differently coloured light produced
by a prifm, found that the phofphorus was faindy
illuminated by this means, but he could not diftin-
gutfh any difference of colour in it *.

Beccaria of Turin obferved, that pieces of artl-
ficial phofphorus, much' fuperior to the bolognian:
inclofed in tubes into which the light was admicted
through pieces of coloured glafs, exhibic that par-
ticular colour only ; yet this effect has been denied
by fubfequent oblervers.

* Acad, Par, 1730,

The
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The determination of this queftion would go a
great way towards proving that light is real matter
emanated by the luminous body, rather than a mo-
dification of a fluid univerfally difpérfed. But in-
dependent of this queftion, what principally feems
to prove the materiality of light, is the change which
light alone produces on various bodies, viz. on ve-
getables, on folutions of filver, &c. * :

III. The bodies which produce light when
heated, form the third fpecies of pholphory. The
beft method of heating bodies in a ‘dark room
for this purpofe, © is to reduce the body to a
« moderately fine powder; and to fprinkle it, by
¢ {mall portions at a time, on a thick plate of iron,
or mafs of burnt luting made of fand and clay,
heated juft below vifible rednefs, and removed
into a perfe&ly dark place.” t
A great variety of fubftances fhine when they are
fo treated, viz. fluoric ftones, feveral marbles, dia-
mond and other precious ftones, calcareous earth,
metallic fubftances, fea coal, oils, wax, butter, paper,
and feveral other animal and vegetable fubftances, .

“ The duration, fays Mr. Wedgwood], of the
“ light thus produced from different bodies is very

——

"

€«

-~

3

c

* See Count Rumford’s Paper in the Philofophical T'ran{-
a&tions, Volume for the year 1798, Art. XX,

'+ See Mr. T, Wedgwood’s Paper in -the Philofophical
Tranfations, V glume for the year 1792, Art, IIL,

1 Ibid. :

¥YOL. Ii1, ¥ 4¢ une'qual H
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¢ ‘unequal ; in fome the light is almoft momentarys
« in others it lafts for fome minutes, and may be
“ prolonged by flirring the powder on the heater
« Jp foon attains its greateft brightnefs, and dies
« away gradually from that point, never appearing
“ in a fudden flafb, like the light of quartz pebbles
« rubbed together. If blown upon, it is fuddenly
« extinguifhed, but immediately reappears on dif-
“ continuing the blaft.” :

The light of the preceding fpecies of phofphori
is alfo expelled more effectually by heat; but when
the quantity of light previouily imbibed has beert
once yielded, then they will ceafe to fhine unlefs
they be expofed again to the light; whereas the
phofphori of this third {pecies give out light and heats
without the neceflity of having been prc-viouﬂy'
expofed to external light. . It muft be obferved,
however, that feveral bodies are phofphori of both
fpecies.

IV. Several fubftances yield a light either quit®
white, or with different fhades of red, or blue, bY
attrition, viz. when they are rubbed or knocked on®
againft the other. The light is generally fpread
beyond the touching parts, and fometimes it fpreads
all over the bodies.

Almoft all the ftones of the filiceous genus, fuch
as quartz, fiints, agates, &c. have this property’
as alfo " glafs, porcelain, hard baked earthei”
ware, &c.

This light is often accompanied with a faint D2

peculiar finell.  Some of thofe bodies during 35"
100
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tion, emit now and then reddifh fparks of a vivid
light, which retain their brightnefs in a paflage of
I, 2, and even 3 inches through the air.

V. The phofphori of this laft {pecies are thofe
which emit light whilft they are in'an evident ftate
of decompofition. Of this fort are moft animal
matters, and fome vegetable fubftances, efpecially
fotten wood. In fome of them the light feems to
belong to the extrication of phofphorus properly fo
called ; whillt in others, a pure light feems to be
produced. Upon the whole it appears, that light
enters into combination with various bodies, and
forms one of their conflituent principles, efpecially
with animal and vegetable {fubftances ; and that when
thofe fubftances are in a flate ofdccompc}ﬁcion, the
light being one of the ingredients, is fep arated from
the reft, &c. - It alfo feems that the light is fepa-
Yated either very flowly, in which cafe it is not per-
Ceiveds or quickly, when it becomes vifible. In
fome bodies it is the firit produce of the decompo-

- Btion, viz, before any puttid efluviom is perceived ;
In others, it is yielded at different periods.

Of all the animals, fith feems to afford the
greateft quantity of light, and they yield it in the
8teatelt quantity before the putridity takes place.
Almoft every body is acquainted wich the fhining
Property of fith ; but the moft recent and entercain- -
M experiments upon  this fpecies of animals, and
{’aF’ICu]arl}’ with the herring and the mackerel, were

Y 2 ﬂl:lh -
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" made by Dr. Hulme, and are deferibed in the

Philofophical Tranfations for the year 1800, Ar
ticle IX. from which the following particulars have
been extracted.

Herrings and mackerels (and probably moft
other fifhes) begin' to appear luminous about the
fecond day after their having been taken out of the
water. ‘Thelight increafes whillt they are perfedtly
good and {weet; but it begins to decreafe when the
fith begins to putrefy, and it decreafes according as
the putrefcence increafes.

It is not the external furface only of thofe animals
that is capable of fhining; but the light feems to be
incorporated with their whole fubftance, and to
make a part thereof, in the fame manner as any
other conftituent principle ; for if the fith be cur in
various pieces, the whole furface of every piece be-
comes luminous, if kept in a dark and rather cool
place ; efpecially the foft roe both of the herring
and of the mackerel, which look like a complete
body of light at about the third or fourth night
which generally is the period of their greateft
brightnefs,

Hence it feems that the decompofition of the fifb
begins very foon; but the light is the firft principle
that efcapes, and which takes place long before
any feetid or putrid efluvium can be perceived.

This light is not accampanied with any degre¢

of heat that may be difcovered by the thermo-
meter. '
‘The
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The luminous matter of fithes, or the thickifth
liquor with which this light is incorporated, may be
fcraped off by means of a knife from over their fur-
faces, and may be preferved in a phial, where it will
continue to fhine for a day or two, or longer, accord-
lug to circumftances. But there are fome fubftances
vhich, being mixed with this luminous matter in a
certain proportion, will extinguifh its light; and it
is very remarkable that fome of thofe very fub-
ftances, but mixed in another preportion, will in-

- creafe or preferve it for fome time longer.

« Thofe which extinguith it are, water alone ;
water impregnated with quicklime ;. water impreg-
nated with carbonic aeid gas; water impregnated
with hepatic gas; fermented liquors; ardent fpirits;
mineral acids, both in a concentrated and in a diluted
ftate ; vegetable acids ; fixed and volatile alkalies,
when diffolved in water ; neutral falts, viz. faturated
folutions of Epfom falt, common falt, and of fal
ammoniac ; infufions of chamomile flowers, of long
Pepper, and of camphor, made with boiling-hot
water, but not ufed till quite cold; pure honey, if
ufed algpe.”

On the other hand, a very moderate folution of
fome of the above-mentioned fubftances, as for in-
ftance, about a dram of Epfom falt, or 'of Glauber’s
falt, or of Rochelle falt, or of phofphorated foda, or
of nitre, or of common {alt, or of honey, or of fugar,
diffolved in an ounce of watet, and then mixed with

Y 3 ) the
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the luminous matter of fithes, will render their light
ftronger and more durable.

« Two ounces of fea water, being agitated with
¢ the light of mackerel, {foon obtained a brilliant
¢ jllumination. ‘The fea water preferved its lumi-
¢ noufnefs for feveral days.”

Anjy of the la&-mentioned folutions, being im-
pregnated with the luminous matter, and left forne
time at reft, are rt‘ndered more lucid by a mederate
degree of heat ; but an higher degree of heat, fuch
as that of about boiling water, extinguifhes them
totally and permanently.

Cold extinguifhes this light in a temporary man-

for the light is revived in its full fplendour
as foon as it is expofed to a moderate degree of
heat.

The light of thofe mixtures is rendered more
vivid by motion, viz. by agitating the phial which
contains the liquor, or by drawing forne hard body
through it, F'bis feems fully to explain the caufe
of that phefphorefcent light which at. night is feen

on the ﬂ;;‘.:-acL of the fea, when the water 19
agitated by a high wind, or by the dathing of
oars, . &c. '

When this luminous matter 6f fithes is extin-
guifhed by being mixed with fome of the fatura ted
fuh]'mn‘“a ﬂn [hf "LJ )M-w*emoned ]xl']u, 1|.~ 1[""!15 th
not totally loft, but it may be revived in its former
f slendour by Lonvutl E ¢ folution into one of the
3 latter
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latter fort ; for inftance, if the light be extinguithed

by the admixture of a faturated folution of falt, add

more water to the mixture; fo as to diminith the
proportion of falt, and the light is thereby re-

vived ; and on the contrary, if to the latter more

falt be added, the light will be extinguithed, and
fo on.
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“ Some fhining matter, Jays Dr. Hulme, was
taken from a mackerel, and mixed with a folu-
tion of feven drams of Epfom falt in one ounce
of water; and its light was immediately extin-
guithed, The fame effeét enfued, bur in a lefs
degree, with a folution of fix and of five drams,
In a folution of two drams, in the famme quantity
of water, the liquid was-luminous; but much
more {o when only one dram of falt was ufed.
Obferving the extinétion of light to take place,
as above, in the more faturated folutions, while
the diluted folutions were luminous, it occured
to me to endeavour to difcover what became of
the extinguithed light, in the former cafe, and
whether it might not be revived by dilution.
For this purpofe I took the folution of feven
drams of fait in one ounce of water, in which
the lucid matter from a mackerel had been ex-
tinguifhed, and diluted it with fix ounces of cold
PUmp water ; when, to my great aftonithment,
light in 2 moment burft out of darknefs, and the
whole liquid became beautifully luminous! This
revived light remained above 48 hours, that 155

A L5 a%
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“ as long as other light in general does, which has
“-never been extinguifhed. Hence, it had loft
“ nothing of its vivid luminous powers by its ex-
* tinction.”

The fleth of quadrupeds fometimes has alfo been
obferved to emit light*. Light has alfo fometimes

- been feen on burying grounds, whick is attributed

to the fame caufe, viz. to the decompofition of ani~
mal matter,

Vegetable fubftances in a ftate of decompofition,
and efpecially rotten wood, are fometimes feen to
fhine in the dark ; but amongft the various lumi-
nous appearances which feem to owe their origin to
2 decomnpofition of animal and vegetable matter,
none is fo famous; and yet fo imperfectly known as
the dgnis fatuus, or jack-g-lantern, which has been
varioufly related by ignorance, apprehenfion, and
exaggeration,

It has been the opinion of certain philofophers
that the ignis fatuus is produced by fhining infes.
Sir Ifaac Newton called it & vapour foining without
heat ; and this feems to be the moft probable opi=
nion, efpecially if it be allowed to owe its origin
to the decompofition of animal and vegetable fub-
ftances.

Waving however any farther canjecture, T fhall

juft add ewo of the moft authentic accounts of fuch

appearances that I find recorded.

% See ‘I'. Bartholin 4z Juce animalium, p- 183. Bny]c"s

Works, vol. 1IL p. 304, Phil, Tranf, vol, X1, p: 599 It
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It is related by Dr. Derham, that, having ob-
ferved an jgwis fatuus in fome boggy ground, be-
tween two rocky hills, in a dark and calm night,
he got by degrees within two or. three yards of it,
and thereby had an opportunity of viewing it to the
greateft advantage, It kept fkipping about a dead
thiftle, till a flicht motion of the air, occafioped, as
he fuppofed, by his near approach to it, made it
jump to another place ; and as he advanced, it kept
ﬁying before him. He was fo near to it, that, had
it been the fhining of glow-worms, he was fatisfied
that he could not but have diftinguifhed the fepa-
rate lights of which it muft have confifted ; where-
as it was one uniform body of light. He therefore
thought that it muft be an ignited vapour *.

Mr. Beecari made particular inquiry concerning
the ignis fatuus. He found that two, which appear-
ed on the plains, one to the north and the other to
the eaft of Bologna, were to be feen almoft every
dark night, efpecially the latter ; and the light they
gave was equal to that of an ordinary faggot. That
to the ‘caft of Bologna once appeared fo a gentleman
of his acquaintance, as he was travelling, and kept
him company above a mile, conftantly moving be-
fore him, and cafting a ftronger light upon the road
than the torch, which was carried along with him.
All thefe luminous appearances, he fays, gave light
£00ugh to make all neighbouring objets vifible,

e & e

* Pricftley’s Hiftory of Vifion, Light, &c. p. 580.

and
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l
and they were always obferved to be in motion, but
this motion was various aud vncertain. Sometimes
they would rile up, and at other times fink ; but
they commonly kept hovering about fix feet from
the ground, = They would allo difappear of a fud-
den, and inftantly appear again in fome other place.
They differed both in fize and figure, fometimes
fpreading pretty wide, and then again contral ting
themfelves ; fometimes breaking into two, and then
joining again; fometimes floating like waves; and
dropping, as it were, fparks of fire,. He was
aflured that there was not a dark night all the year
round in which they did not appear, and that they
were obferved more frequently when the grouud
was covered with fnow than in the hottelt fummer:
nor did rain or fnow in the leaft linder their appear-
ance ; but; on the contrary, Eht‘y were obferved
more frequently, and caft a fironger light in rainy
and wet weather ; nor were they much affeéted by

the wind #.

%

Prieftley’s Hiftory of Vifion, &e, p. 581. Phil, Trank
vol. 3‘.“, p. 2
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ON ELECTRICITY.

HE molft enlightened and inquifitive perfons
4. of the third or fourth century before the
Chriftian ®ra, were acquainted with a remarkable
property of, at leaft, two mineral bodie es, one of
which was améer, and the other was a hard ftone,
by Theophraftus  (probably the
fame as is at prefent known under the name of
fourmaliy, ) They knew that either of thofe bodies,
and in particular the former, after a flight friGtion,
would attract any kind of fmasll bodies, fuch as bits
of firaw, afhes, &c. that might be prefented to it
“uhm a certain diftance.

o e sisdn zros
lled {;-;.u;" gLt

hey knew likewife that another mineral, which
t]l\\?’ called mapgnet, would attrat iron; and all fuch

b JR_l][ 5

as contained a f{ufficient- quantity of that
metal,

But a wide difference obvioufly exifted be-
‘¢en the power of the magnet, and that of the-
er above-mentioned bodies. The magnet ag-

tw

oth

tracted irgp only, and its attraétive property required
PO Previous friGtion ; the other bodies could not
act without Previous fri€tion, but then they would

attract
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N
attract bodies of cv-Gr}' kind indifcriminately, pro-
vided they were fufficiently light.

I procefs of time it was found that feveral other
bodles, fuch as precious ftones, fulphur, !glafs, &ec.
poffefled precifely the fame attraltive property, not
as the magnet, but as the amber; therefore they
were faid to have the property of the amber, which,
in the Greek language, was called miexrpos, whence
the word elzifricity has been derived, and hence
thofe bodies were faid to be pofiefled of eletricity,
or of the eleffric property.  After the lapfe of fome
centuries it was found that larger bedies, moderately
warm, dry, and properly rubbed, would attraét from
a greater diftance, and with greater force, than
fmaller bodies of the fame fort; and as it was eafy
to procure large pieces of glafs and fu]phur, at-
tempts to increafe the attractive property of thofe
fubftances were foon madey and thofe attempts gra-
dually difclofed feveral other properties of the fame
electiic power.

It was difcovered that the fame body would not
enly attra&, but alfo repel, the light bodies; the
attraction and repulfion fucceeding each other re-
peatedly.

It was difcovered that this attraltive property
might be communicated from the glafs or fulphur;
or amber, &c. to other bodies, which could not of
themielves acquire it by rubbing,.

It was obferved that on touchm’? the body which

: had
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~ had been rubbed (otherwife faid to be excited, or to
be elettrified), luminous fparks were feen to pro-
ceed from it, and thofe fparks were accompanied
with fhappings, viz. an audible noife ; and when any
Part of the furface of the animal body was prefented
to the eleétrified fubftance, a {enfation was perceived,
as if fomething ftruck the part at the time thac the
fpark was manifefted.

Thofe difcoveries were moftly made in the 17th
century, and being incomparably more furprizing
than the mere attraction of a bit of amber, they pro-
duced an aftonithing degree of curiofity, of indufl-
try, and of emulation amongft the philofophers of
Europe. The multiplicity of labourers, the variety
of machines that were contrived, and of experiments
that were inftituted, produced farther difcoveries {Lill
more firprifing than the preceding, and rendered
the fubject of ele@ricity highly interefting in theeye
of the philofopher.

It was difcovered that the ele@ric power could
be accumulated in what is called the Leyden phial,
fo that infread of 2 fingle fpark from a piece of ex- -
Cited fulphur or of excited glafs, the force of feveral
fuch fparks could be collefted in that phial, and
could afterwards be difcharged all at once upon any
given body, upon which it would produce very ex-
traordinary effects. In fhort, fuch difcharge will
m_&a“tl?" melt even the moft refractory metallic bo-
dies, it kills animals, fires combuftible bodies

brezks
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breaks (BD: ds, &c. in exadt imitation of thofe effells
which have been long known to be produced by
lightning.

Indeed, not long after the difcovery of the
Leyden phial, the identity of eleétricity and the
power which produces the thunder and lightning,
was fully and fatisfaCtorily proved.

Subfequent to this it was difcovered that elec-

tricity is excited by a variety of other means

frition, fuch as by heating, cooling,
L s D rr T et e oo
condenfation, eflervelcence, ¢ec.; o

pears that there is hardly an operation of nature i

which the el power is not concerned. But
whilft we admire the univerfality of its influence
whilft we applaud the ingenuity of philofophers for
I'.;n.\-‘ing acquired the knowledge of ﬁJ many wonder-

ful falts, we mufi confels our utter i *rf r

caufe which produces them; anc

once forced to acknowledge the
weaknefs of the human underftanding.

The very extenfive influence of elettricity
throughout the operations of nature, its great
power, and its conftant action, [cem to indicat®
that it muft be eflentially concerned in various
grand and neceffary proceffes. Yet in the inveili-
gation of its nature, of its influence, and of 13 ufe,
we have had only
have nothing but hy

offer.

133 (141 e T A e i We
politions for guide, and W€

1Z. ia'pé ofitions, @

e

T he
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The ftatement of thofe fats; the moft ufeful
application of the fame, and the beft hypothefes
which have been offered for their explanation, will
form the materials of the prefent fection *.

-

* See Dr. Prieftley’s Hiftory and prefent State of Elec-
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CHAEFER L
CONTAINING A GENERAL IDEA OF ELECTRICITY.

F a perfon, holding with one of his hands a clean

and dry glafs tube, rubs it with his other hand,
which muft alfo be clean and dry, by ftroking it
alternately upwards and downwards; and after 2
few ftrokes prefents to it fmall light bits of paper;
thiread, metal, of of any other fubftance, the rubbed
tube will immediately attract them, and after a (hort
time will repel them. It will prefently attract them
again, then repel them, and fo on; continuing this
alternate attraction and repulfion for a confiderable
time. '

If che glafs tube be rubbed in the dark, and after
having been ftroked a few times, a finger be pre=
fented to it at the diftance of abour half an inch, 2
lucid fpark will be feen between the finger and the
tube, and this fpark is accompanied with a fhapping
noife ; the finger at the faine time receiving a pufhy
as if it were from air iffuing with violence out of
fmall pipe*.

=

* The other modes of exciting Elecricity will be ¢

{cribed hereafier,
In
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In this experiment, the attraltion, repulfion,
fparkling, &c. are the effects of that unknown
caufe, which is called Eledricity; and hence they
are called elefirical appearances. The glafs tube k-
Rl is called the elefric, and all thofe bodies which
are capable of preducing fuch effeCls after fri€tion,
are called elef#rics 3 and as the rubbing awakes, as
it were, in them the power of producing fuch
effels, they are therefore faid to be exeited by the
rubbing. The hand, or any other body that rubs
an elefric, is called the rubber ; and ify inftead of
the perfon rubbing the glafs tube, a machine be con-
trived capable of exciting aneledric, that mechanifin
is called an éleitrical machine.

Let an oblong piece of metal, fuch as a poker, a
long metallic fpoon, &c. be fufpended in the air by
Means of a dry J/k ftring, upwards of a foot long,
from any convenient fupport, as in fig. 1, Plate
XXII1, and let fmall light bodies, fuch as have
been mentioned in the preceding experiment, be
Prefented to its lower extremity, within about an
Inch of it; then having rubbed the dry glafs tube
2 before, place it near the upper end A of the fuf-
Pended metallic body, and you will find that the
l‘_)Wer end B of that body will attraét and repel the
light bodies, alfo will give fparks, &c. exaltly like
ﬁ?t excited tube itfelf ; which fhews that the electric
VIFLue paffes through the metal from one end A o
the Oth(‘r end B.

If, inftead of the metallic body A B, you ﬁ;_fpend
TOLs T1T, z in
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in a fimilar manner a glafs ftick, or a long ftick of
fealing wax, and repeat the laft defcribed experi
ment, you will findthat the lower part of the fuf-
pended ftick of glafs or of fealing wax, will not at-
tract the light bodies, nor will it give any f{parks;
which fhews that the eleftric virtue will not pafs
through glafs or through fealing-wax.

Now the above-mentioned metallic body, and ail
thofe bodies through which the eleftric virtue can
pafs, are called condusiors of electricity. But the
glafs ftick, the fealing-wax, and all thofe bodies
through which the eleétric virtue cannot pafs, aré
called non-conduéiors. A body refting entirely upons
or fufpended by, non-conductors, is faid to be -
Julated.

All the bodies we are acquainted with, may be
divided into conductors and non-conduétors of
eledtricity; and as it has been found that the non-
conductors may be excited by friction, whereas the
conductors cannot be excited by friftion ; therefor€
elecirics and non-condusiors mgan the fame bodies™ s
and conduétors have alfo been called npn-glefirics.

Such is the outline or the general idea of thof€
principles of ele€ricity ; but thofe diftinGtions are far

PR

* EleGrics have alfo been called ekeczrics per fo. Temuft be
obferved, however, that certain fubftances, fuch as oils, €€
tain powders, &c. which are non-condutors, are called
elettrics from amalogy; for they cannot be 1'uhmi£tjcd 1
feickion, :
from
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from being accurately fettled and determinate. For
inftance, we are npot acquainted with any body
which, ftrictly fpeaking, may be faid to be a per-
fe@t elettric or a perfe& conduétor; the eleftric
virtue finding fome refiftance in going through
the beft conduftors, and being partly tranfinitced
through, or over the furface of, moft, if not all the
eleétrics. The lefs perfeét conductor any fubftance
1s, the nearer it comes to the nature of an eleétric;
and, on the other hand, the lefs perfeét elecrics
come neareft to the nature of conductors. In fact,
there arc certain fubftances which may aClually be
excited by means of friction, and at the fame time
are pretty good conductors.

The following lifts contain, in general, all the
electrics and the conductors, difpofed, as much as
It is practicable, in the order of their perfeéion,
beginning with the moft perfect of each clafs.

ELECTRICS.

Glafs and all vitrifications, even the metallic
vitrifications. '

All precious ftones, of which the moft tranfpa-
rent are the beft.

Amber,

Sulphur. '

All refinous fubftances.
ax,

Silk,
Cotton,
z 2 Several
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Several dry and external animal fubftances, as
feathers, wool, hair, &c.
Paper.
White fugar, and fugar-candy.
Air, and other permanently elaftic fluids.
Oils.
Dry and complete oxides of metallic fubftances.
The alhes of animal and vegetable fubftances.
Dry vegetable {ubftances.
' Moft hard ftones, of which the hardeft are the
“ beft.

Almoft all the above-mentioned fubftances, when
heated beyond a certain degree, become conduc-
tors. ~ Thus red-hot glafs, melted rofin, &c. are.
conduéors of eleétricity *. The focus of a burning
lens, or concave reflector, 1s not a conductor: Some-
times glafs of a hard quality is fo bad an eleétrie
as to be almoft a good conductor. It is remarkable
that often the nature of the fame pieces of glafs is.
changed by time, and by ufe, fo as to become good
electrics, though at firlt they were almoft condue-
tors, and wice verfa.

A glafs veflel is excited beft when the air in it
is a little rarefied; but a glafs veffel entirely or
almoft ent rely exhaufted of air, on being rubbed,
fhews no figns of electricity on its external f{ur-

B

* Hot air has been reckoned a conductor 3 but this is de~
nied by Mr. Read., See his Summary View of Spontancou®
Eleétricity, p-.8.

face;
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face, but the elefric power appears Wwithin the
veflel. A glafs vefiel with condenfed air in its ca-
vity, or full of fome conducting fubftance, cannot be
excited ; yet 'a folid ftick or lump of glafs may
be excited.

CONDUCTORS.
Gold.

Silver.

Copper.

Platina.

Brafs.

Iron.

Tin.

Quickfilver.

Lead.

Semiemetals, more or lefs.

Metallic ores, more or lefs.

Charcoal, either of animal or of vegetable {ub-
ftances *.

The fluids of an animal body.

Water (efpecially falt water), and all fluids, ex-
cepting the aerial, and oils. :

The effluvia of flaming bodies.

Congealed water, viz. ice or fnow. But when
cooled down to —13° of Fahrenheit’s ther-
mometer, Mr. Achard of Berlin found that
ice loft its conducting property, and became
an eleric, :

* O T ; e . -

Charcoa) s very equivocal in its condulling powers

for fome pieces of it will hardly conduét at ally whilt others
are very good condu&ors.,

z 3 Molt
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Several dry and external animal fubftances, as
feathers, woal, hair, &c.

Paper.

White fugar, and fugar-candy.

Air, and other permanently elaftic fluids.

Oils.

Dry and complete oxides of metallic fubftances.

The afhes of animal and vegetable fubflances.

Dry vegetable fubftances.

" Moft hard ftones, of which the hardeft are the

beft.

Almoft all the above-mentioned fubftances, when
heated beyond a certain degree, become conduc-
tors. Thus red-hot glafs, melted rofin, &c. are.
condu&tors of eleétricity *. The focusof a burning
lens, or concave reflector, 1s not a conductor: Some-
times glafs of a hard quality is fo bad au eleéirie
as to be almoft a good conductor. It is remarkable
that often the nature of the fame pieces of glafs 1s
changed by time, and by ule, fo as to become good
electrics, though at firft they were almoft condue-
tors, and vice verfa.

A glafs veffel is excited beft when the air in it
is a little rarefied; but a glafs veffel entirely or
almoft ent rely exhaufted of air, on being rubbeds
fhews no figns of electricity on its external fur-

et

% Hot air has been reckoned a conduétor 3 but this is de-
nied by Mr. Read. See his Summary View of Spontansou®
Ele&ricity, p. 8.

- s face;
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face, but the eleftric power appears within the
veflel. A glafs veffel with condenfed air in its ca-
vity, or full of fome conduéting fubftance, cannot be
excited ; yet'a folid ftick or lump of glafs may
be excited.

CONDUCTORS.

Gold.

Silver.

Copper.

Placina.

Brafs.

Iron.

i

Quickfilver.

Lead.

Semiemetals, more or lefs.

Metallic ores, more or lefs.

Charcoal, either of animal or of vegetable {ub-
ftances *,

The fluids of an animal body.

Woater (efpecially falt water), and all ﬂulds, ex-
cepting the aerial, and oils.

The effluvia of Aaming bodies.

Cong gealed water, viz. ice or {now. But when
cooled down to —i13° of Fahrenheit’s ther-
mometer, Mr. Achard of Berlin found that
ice loft its conduéting property, and became
an eleéric.

e * Charcoa) i very equivocal in its condu@ing pewers
or 10me i

Ome pieces of it will hardly condudt at ally whilit others
are.very good condudors,

z.3 ©Molt
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Moft faline fubftances, of which the metallic falts
are the beft,

Several earthy or ftony fubftances.

Smoke.

The vapour of hot water.

Ele&ricity pervades alfo fuch a2 vacuum, or ab-
fence of air as is caufed by the beft air-pump;
but not the perfeét ablence of air, or the tor-
ricellian vacuum, formed by boiling the quick-
filver in a barometer tube®.

It needs hardly be obferved, that compound bo=
dies partake more of the nature of conductors or
of eleétrics, according as a greater quantity of the

* Tn rarefied air the attraétion of eleéiricity is weakened,
and the ele&ric light becomes mare diffuted, but lefs denfe, in
proportion to the rarefaétion; but, though in a very fmall de-
gree, they are, however, vifible even in the beft vacuum
that can be produced by the molt efficacious air-pump, viz.
when the air which remains in the receiver is about the
thoufandth part of the original quantity.  All this (eems na-
tural ; for, fince the air is an electric, the more accurately
this ¢letric is removed from a given fpace, the mere effec-
tually can the ele@ric power pafs through it; and hence it
rmight be expeéted, that the eletric power would pals freely
through the perfett torricellian vacuum. But it feems
to have been fully afcertained by Mr. Walth and My, Mor-
gan, thar fuch a vacuum is not a conductor of clectricity
See Mr. Morgan's Paper in the Philofophical Tranfactions
vol. 75th, and my Treatife on Electricity, fourth edition

Part IV. Chap. VIIL,
former
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former or of the latter enters into their compofi-
tion. ‘Thus green vegetables, frefh wood, &c. are
conductors on account of the water which they con-
tain, Hence it follows, that all ele&rics, previoufly
to their being ufed as eletrics, muft be properly
cleaned and dried.

Baked wood is a very good ele&tric, but it foon
lofes that property by imbibing moifture from the
air: hence, in order to preferve it in a non-con-
ducting ftate, it thould be varnifhed as {foon as it
comes out of the oven ; and then again thoroughly
dried in 2 warm place, or-in the oven wlelf.




OF THE TWO ELECTRICITIES,

F the perfon who rubs the olafs tube, as men-
tioned in the preceding chapter, be infulated,
viz. be fufpended by means of filk ftrines, or ftands

(=]

upon a cake of rofin, &ec. and in that ficuation rubs
the tube with his hand ; after a few ftrokes it will
be found that the perfon and the glafs tube are both
electrified ; for if any light bodies be prefented to
any part of the perfon’s body, they will be atrradted

and repelled in the fame manner as they are by the

tube. The infulated perfon will alfo give out fparks
to another conductor that may be prefented to any
part of his body ; but the ele@ricity of the infulated
perfon is different from the elericity of the tube,
and the difference principally confifls in the follow-
ing three characteriftic properties.

I. Whenever an infulated light body, as for in-
ftance, a fmall picce of cork fufpended by a filk
thread, has been attratted by the tube, and after-
wards repeiled ; that cork will not be ateradted
again by the excited tube, but will be repelled by it

7 pravided




Of the Tawo Eleiricities. 345

provided the cork in this ftate of repulfion is not
touched by any condudting body. The fame thing
takes place if an infulated light body, like the cork,
&c. be attracted and repelled by the perfon’s body,
viz. it will continue to be repelled by it. - Rut if the
infulated cortk, which is aGually repelled by the tube,
be brought near the perfon, a ftrong attrattion will
ake place between the cork and the perfon; and
in the fame manner, if the other corle, which is re-
pelled by the perfon, be brought within a certain
diftance of the t tube, the former will be ftrongly
ateracted by the Jatter,  Or if the two infulated
corks, which are repelled, viz. one by the tube, and
the other by the perfon’s body, be brought within a
certain diftance of each other, they will attract, and
will ruth towards, each other,

‘The fame thing may be obferved in a more con-
"mL‘mU manuner, by prefenting more than one light
body to cach of the ele@rified bodies. . Thus let
A, B, fiz. 2, Plate XXIII. be two cork balls
I"af‘Lv:nc.J by a linen thread ACB, and let the part
CD be alifilk thread faftened to a proper {fup-
Port, ac fome diftance from the wall or- other
Obifﬂ‘ In this fituation, if you bring the ex-

Cited glafs tube near the balls A, B, the tube will
attradt them, and will foon after re pel them. Now
let the tube be removed, and the cork balls will be
found ¢, repel each other, and to remain for a con-
fiderable g ; in the fituation of fig. 3

Let another fimilar pair of cork balls be brought

i
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quire any eleCtricity, then the other body will cer-
tainly acquire the other electricity.

1t muift likewife be remarked, that almeft all
the eletrics may be made to acquire, at pleafure;
the one or the other of the two eleétricities ; viz. by
ufing partictlar rubbers, Thus, if 2 glafs tube be
drawn acrofs the back of a car, it will acquire the
refinous cleétricity; but if rubbed wich any other
fubftance, it will then acquire the vitreous ele&ricit}'.
Thus alfo a ftick of fealing-wax will acquire the vi-
.treous  clectricity, when rubbed with any metaljic
fubftance ; but it will acquire the refinous ele@ricity
when rubbed with leather, or paper, .or the human
hand - &c.

A flight aleeration, either of temperature, or of
furface, or of prefiure, will difpoie a body to ac-
quire one eleflricity rather than the other ;, the
robber always acquiring the Oppolite eleiricity.

When the difference between the two ele@ricities
was firlt obierved, it was imagined that the two
powers were both owing to ‘emanations of two par-
ticular elaftic fluids, which, when mixed in due pro-
portion, would countera® each other, or would
form a fort of neutral compound. Buta fuppofi-
tion much fimpler, which goes under the name of
the Franklinian theory, and which is peculiarly cor=
roborated by the above-mentioned third difference
between the two electricities, viz. that of the current
from the vitreous to. the refinous eleéricity, is 88

follows :

All
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A1l the wf .
£l the phenomena, called electrical, are fup-
poled to be produced’ by an invifible and fubtile
tluid exifting in all the bodies of the terragueous

globe, It as alfo ihppofed that this fluid is very
elaftic, viz. repulfive of its own particles, but at-

tradtive of the particles of other matter.

When a body does not thew any electrical ap-
Pearances, it is then fuppofed to contain its natural
Quantity of this electric fluid; (but whether that
Quantity bears any proportion to the quantity of
matter, of not, 15 utterly unknown) therefore, that
body is faid to be in its watwral, or non-elefrified
State: but if a body fhews any. eleétrical appear-
ances, it is then {aid to be elefrified, and it is fup-
pofed that it has either acquired an additional
Quantity of electric fluid, or that ir has loft fome of
s natural thare. And from the above-mentioned
Circumftance of the current, &ec. (page 347,) we
are led to i

ous electricity arifes

A

from an over-charge of that fluid, and that the refi-

Raus ele@r icity arifes from an under-charge, or di-

Bt
Minugion of the natural quanuty of that fluid. hcrcc

the V'lil't()‘._‘.ﬁ q';iﬁ‘j'.':\'.';?f. has alfo been called LhC

Or the 5

jfi“"?.,’ elei

)
I

CET

icity ; and the refinous has L‘-;L‘il

Called the

mytwiie OF
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wr{

d not mention any other of the numerous hypo
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As this hypothefis is fufficient to account for all
the electrical appearances, at leaft much more fo
than any other, we are authorized to adopt it
until fome other hypothefis may feem to be better
entitled to our affent.

In the firlt place, this theory thews that when an
¢leétric and a conduéting fubftance are rubbed
againft each other, the ele@ric fluid is not ge-
nerated ; but, by the action of rubbing, one body
pumps; as it were, the eleétric fluid from the other
body. Hence, if one body becomes overcharged
with it, or eledtrified pofitively, the other muft
become wundercharged, or ele@rified negatively,
unlefs its deficiency is fupplied by other bodies that
communicate with it*. Hence alfo we fee the
reafon why, when an eleétric is rubbed with another
electric, or with an infulated rubber, it can acquire
but little eleétricity, viz. becaufe in that cafe the
rubber cannot be fupplied with ele@ric fluid from
other bodies. .

Eleétric attraction is eafily explained ; for this
does not exift, except between bodies that are dif-
ferently elerified, where the fuperfluous eleétric

# By what mechaniim one body extraéis the ele@iic fluid
from another body during the rubbing, is by no mean®
known. ‘The increafed capacity of the ele@ric for the elec-

tric fluid in certain fituations, feems to aord a p]auﬁblc
explavation. The nature of thofe capacifies will be €%~
plained hereafter,

Auid
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fluid of the bodies that are ele@rified pofitively
attracts, according to the theory, the undercharged
matter of thofe which are eleétrified negatively.

We might now proceed to apply this theory to
the other phenomena of eleftricity ; but it will be
more fatisfactory to fubjoin this application to the
defcription of the experiments which will be given
in the courfe of this Section,




, OF COMMUNICATEDR ELECTRICITY, PARTICULARLY
TC CONDUCTORS,

Wf HENEVER any elettricity is commu-

nicated to a bedy, be it pofitive or nega-
tive, it is confined upon it only by eletrics, and will
remain with thar body a longer or a fhorter time,
according as the eleélrics which confine it are more
or lefs perfeft.  Thus the electricity which is fuper-
induced upon a glafs tube by rubbing it, remains
upon the tube, infomuch as it is furrounded by the
air, which is an eleétric; and as the air is in a ‘more
or lefs perfeft elefric ftate on account of its
moifture, drynefls, &c. fo the ele@ric virtue is re-
tained upon the glafs for a longer or a fhorter periods
and fometimes an excited. glafs tube will remain
fenfibly elettrified for upwards of 20 hours.

If a finger, or any other conductor, be prefented
toan excited eledtric, it will receive a fpdrk, and-in
that fpark a certain portion only of the eleétricity of
the excited ele@ric, becaufe that eleftric cannot
convey the ele@ricity of all its furface to that part ©

which the conduétor has ‘been prefented. chcf-‘;
1
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if 2 conduttor be prefented fucceflively to different
parts of the excited electric, it will receive a fpark
at every approach, until all the power of that elec-
tric is exhaufted, and then a new excitation is ne-
ceffary in order to revive it.

Whenever a condu@or, which communicates
with the earth, (viz. not infulated) is prefented at
@ convenient diftance to an excited elefric, ir

acquires, on that prefented fide, an ele&ricity con-
trary t6 that which is poflfefied by the eleétric.

‘Fhis electricity increafes as the body is approach-
ed, and at laft, there being an eager attra&ion
between pofitive and negative eletricities, - the
conductor receives a fpark from the eleéric, by
which means the balance is reftored.

If the conductor do not communicate with the
€arth, but be infulated, then on being prefented, as
before, to the excited ele@ric, not only that fide of
it which is towards the eleétric, but the oppofite
fide alfo will appear eleétrified ; with this difference,
however, that the fide, which is expofed to the in-
fluence of the eleétric, has acquired an eleétricity
“ODtrary to that of the excited elettric, and the op-
Polite fide has acquired the fame electricity as that
of the eleiric.  Thofe two different eledtricities of
the condutor increafe as the conduétor comes
f€arer o the elediric, and at laft it receives a {park
rom the eletric, and becomes throughout poffefied
of the fame eletricity with the eleétric.

VOL. 11y, T B 1 All
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All thofe effects will take place in the fame man-
ner, if a thin plate of glafs, or of rofin, or of other
eletric fubftance, be interpofed between the con-
ductor and the excited eleftric; but then a fpark
cannot come from the cle&ric to the conduétor,
unlefs it opens its way by burfting the interpofed
electric, as it always does in pafling through the
air.  This difplacing and fubfequent collapfing of
the air is what caufes the noife that actends a
ipark,

An infulated conductor that has received the
electricity from an excited eleétric {in which ftate
1t is faid to be elefrified by communication) will aét
1n every refpe like the excited electric itfelf, ex-
cepting that when it is touched by another con-
ductor which is not infalated, the former will give
one fpark to the latter, difcharging at once all its
electricity, becaufe the electricity which belongs o
every part of its furface is eafily conducted through
its fubftance to that fide to which the other con-
ductor is prefented®. Hence it follows that the
electricity, which is difcharged by an eleétrified and
infulated conduétor, is in general ftronger than that
which is difcharged by an excited electric.

If there be two infulated conduttors, one of

—

* It muft be oblerved, however, 'that when the elec-
trified eonduor is large, and much extended, a very trifling

refiduum of eleQricity generally remains upon it, which w9l

afford a fecond, but incomparably fmaller, {park.

which
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which only is elefrified, and.if this conduétor
be touched by the other; then the eletricity will be
divided amongft thofe conduétors; but it will be
divided neither equally nor in proportion to their
Quantities of matter. Butif the condutors be quite
alike, and be fimilarly fituated with refpe& to the
furrounding bodies; then the eleétricity will be di=
vided egually among them. If their furfaces be
equal but diffimilar, 'as for inftance; a fquare foot: of
tin foil in one piece, and another fquare foot of the
fame cut into a long {lip ; then the latter, viz. the
body whoft furface has a greater extenfion; will ac-
quire more electricity than the other. If, when the
two conductors are equal and fimilar, one of them
lies contiguous to an imperfect conductor, and. the
other is contiguous to the air only ; then the former
will acquire a greater quantity of eletricity than
the latter.

The ele@ric fpark.(viz: a {eparate quantity of
eleCtricity) will go a greater or lefs diftance through
the air, in order to reach a conduétor, according as
Ms quantity is greater or lefs; as. the parts from
which it proceeds, and on which it firikes, are
fharper or more bluat, and as the conduétor is more
or lefs perfect. ]

The noife and the light, which-aecempany the
fpark, are greater or lefs, accerding to the quan-
tity of eleétricity, alfo as the parts from which it
proceeds, and on which it ftrikes, are blunter or

fharper, and as the conduétor 1§ maore Qr lefs per-
A A2 ﬁf&.
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fect. Thus a fharp-pointed body will throw off
electricity to, and receive it from a greater diftance
than a body of any other fhape; but that paf-
fage occafions no remarkable noife, and is at-
tended with little light; for in this. cafe the elec-
tricity comes not in a feparate large body, but by
little and little, or rather in a continuate ftream.

If a pointed wire be concealed in an open glafs
tube that projeéts a fhort way beyend the point, or
if it be covered with tallow, or bees-wax, or ful-
phur, &c. then it will take a ftrong fpark from an
eleétrified conduétor.

Tt is remarkable, that when points are throwing
off, or are receiving electricity, a current of air al-
ways appears to proceed from the point, and that
is the cafe whether the eleétricity is pofitive or ne-
gative.

A pretty large quantity of eleftricity pervades
the fubftance of a conductor of confiderable length
with furprifing and inappreciable velocity; but 2
fmall quantity of it has been found to take a little
time in pafling through a long and lefs perfeét con
ductor.

The electric fpark taken upon any part of a living
' animal body, caufes a difagreeable fenfation, which
L is mote or Iefs {0, according as the fpark is ftronger
or weaker, and as the part is more or lefs delicate
- or the perfon more or lefs fenfible.

' It has been repeatedly afferted and denied, fif t,

1 that eleCricity communigated to infulated apimal
6 bodiess
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bodies, quickens their pulfe, and increafes their
perfpiration; 2dly, that if it be communicated ta
infulated fruits, fluids, and other bodies which are
attually in a ftate of evaporation, it increafes that
evaporation ; and, 3dly, that it promotes vege-
tation. -

With refpet to the firft circumftance, the moft
accurate experiments thew that ele&rization, whe-
ther by pofitive or negative ele&ricity, does not
accelerate nor retard the ordinary number of pulfa-
tions in a found perfon ; but that the quickening of
the pulfation, which is often obferved in fuch cafes,
arifes from fear or apprehenfion *,

The perfpiration of animal bodies, fruit, and
other fubftances that are aGually in a ftate of eva-
poration, is increafed but little by eleftrization ;
provided thofe fubftances are expofed to the am-
bient air with a free furface. -

‘With refpect to vegetation, the moft impartial,
diverfified, and conclufive experiments have thewn,
that elefrization does neither promote nor retard
Vegetable life . '

Uf the face, or any part of the body, be prefented
10 an excited eleétric, or to a conduétor ftrongly

* See Van Marum’s Account of the Teylerian Ele&tr,
Mach, of Harlem, and my Treatife on Eleét. 4th Edition,
VDI.III. P.'Z';'}'. d

t See Dy, Ingen-Houfz’s two Letters'in the Fournal
de Phyfigue, for February 1786 and May 1788.

AA3g elettrified,
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eleftrified, a fenfation will be felt as if a wind were
blowing, or rather as if a fpider’s web were drawn
over it.

-If the noftrils be prefented to an excited eleétric,
a fmell will be perceived which much refembles
that of phofphorus ; but communicated eleétricity
does not occafion any fuch fenfation, except when
a large quantity of it pafies fuddenly from one body
to anather.

1f the ftream of electricity which iffues from an
electrified point be direéted on the tongue, a peculiar
tafte is perceived; and bodies that have been a
certain time expoled to that fiream, or to ftrong
eletric efluvia in general, rerain a certain fmell,
fuch as has been mentioned above, for a confidera-
ble time after.

If ‘ele@ricity be communicated to an infulated
veflel containing water, and the water be actually
running out of it through a hole or pipe; the ftream,
if lefs than a tenth of an inch in diameter, will be ac-
celerated, and more fo.in proportion as its diameter
is fmaller ; it will even drive the water in a conti-
nuate ftream out of a very fmall capillary tube, cut
of which, without the aid of electricity, the water
will not even be able to drop. When above 3
tenth of an inch in diameter, the fiream, though
it divides and carries the fluid farther, is, how-
ever, ncither fenfibly accelerated nor retarded by
gledtricity,

Towards the beginning of this chapter it has
been
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been [uid, that when a condulor is prefented to an
electrificd body, it acquired, on the prefented fide;
an eletricity contrary to that of the eleé@rified
body.  We mult now add a very remarkable law,
viz. that no eletricity can be obferved upon the
furface of any electrified body, unlefs that furface
is’ contiguous to an eleftric, which can in fome
manner or other acquire the contrary eletricity at
a little diftance; or, in other words, no eletricity
Can appear upon the furface of any eleétrified body,
unlefs that furface is oppofite to another body which
has aftuaily acquired the contrary ele@ricity; and
thofe contrarily eletrified bodies muft be feparated
by an eleCtric.  Thus, when an infulated body,
waich ftands at a diftance from other conductors;
is eleclrified, the air which furrounds it performs
at once the office of an elefric and of a condudtor;
for i acquires the contrary ele&ricity at a little
diftance from the ele@rified body, whilft the inter-
Yening ftratum of air feparates thofe two elec-
tricities.

With refpe@ to the paffage of eletricity from
8¢ body to another, we may in general remark,
that if ghe repulfion exilting between bodies that
Ar¢ pofitfed of the fame kind of eleftricity be ex-
“epted, all the other ele@rical phenomena are pro-
duced by the paflage of eletricity from one body to
anothey, :

With ref pect to attrattion and repulfion, this ge-
neral law mugt e remembered ; namely, that thofe

A A4 bodies,
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bodies, which are poflefled of the fame fort of elec-
tricity, repel, or tend to repel, each other; but bo-
dies, which are poffeffed of different eletricities,
attra&, or tend to attract, each other; and there is
no electric attraltion but between bodies which are
pofiefled of different eleétricities *.

This laft affertion may at firlt fight appear to be
contracdi&ed by the effect which takes place when
fmall badies are prefented to an excited tube, or ta
any other eleétrified bady ; for they are attracted by’
it, though they have not been previouily expoled to
any elefrizations but the difficulty will vanifh, if
what has been faid above be remembered, namely,
that the fmall bodies naturally acquire the contrary -
elecricity merely by their being brought within the
{phere of aftion of an elerified body; fo that
when they are attraéted, they are aCtually pofleffed
of the contrary eledtricity.

—

—

* A particular explanation of this law will be given
hereafter,
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CHAP 1V.

OF ELBECTRICITY COMMUNICATED TO--ELECTRICS,
AND OF THE LEYDEN PHIAL.

THE eleéric virtue may alfo be communicated

to electrics ; but this communication to elec-
trics is attended with feveral circumfitances, different
from thofe which attend the communication of
electricity to conductors ; for when one fide of any'
of the latter receives fome electricity, that eleg-
tricity inftantly pervades its whole fubftance
Whereas when an elecric is prefented to an ele&ri-
fied body, a fpark from the latter will eleérify the
former in a fmall fpot only ; for, on account of its
fion-conducting quality, the eleétricity cannot ex-
Pand itfelf through it. In fhort, when an ele@ric
Is prefented to an elerified body, the former will
acquire different electricities on different fides, (as
has been faid of condutors in the preceding chap-
ter); thefe ele@ricities increafe according as the
diftance between the two bodies diminifhes, viz, as
they are brought nearer ; but if at lalt a [mall
Ruantity of eletricity be communicated to one part
of the €leric, that eledtric will not become throvugh-

out
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out’ poflefled of one eledtricity, but will, in fome
cafes, fhil fhew different elefricities on different
fides ; and in certain circumftances many repeated
changes from pofitive to negative electricity may be
cbferved upon the very fame eleéric.

If to one f{ide of an electric fufficiently thin, fuch
25 4 pane of common windoew glals, a plate of feal-
ing wax, ot of talc, &c. you communicate one elec-
tricity, and to the oppolite fide you communicate
the contrary eleclricity, that plate in that ftate is
faid-to be charged, and the two electricities cannot
comne together, and-annihilate each other, unlefs a
communication by means of conducting {ubltances
be made between both fides, or the ele@ric plate
be broken by the force of electric attrattion.

When the two electricities of a charged eleétric
are by any means united, and of courfe their powers
deftroyed, then that electric is faid to be difcharged;
and the act of unien of thefe two oppofite powers is
generally called the eleffric fhock ; becaufe when a
living animal body forms the circle of communica-
tion between the two {ides of the charged plate, the
difcharge which muft pafs through it, oceafions a
fudden motion, by contraéting the mulcles through
which it pafics, and ‘gives a peculiar fenfation, which
proves more or lefs difagreeable according to the
different conftitutions of parfons.

In order to avoid the difficulty of communicating
electiicity to an eleftric plate, it is cuftomary 0
coat the fides of it with fome condutting fubftance
fL';f;.'h
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fuch as tin-foil, gold-leaf, fheet-lead, &c. by which
means the charging and difcharging becomes very
eafy ; for when the ele@ricity is communicated to
one part of the coating, it immediately fpreads it
felf through all the parts of the eletric that are in
contaét with that coating ; and wien the eleric is
to be difcharged, it will be fufficient to make a
conduing communication between the coatings of

both fides.
T hofe coatings mult not come very near to each

other towards the edge of the plate, for in that cafe
a communication between thofe coatings is ready at
hand ; and though the coatings are not abfolutely in
contact, yet when they are ele@rified, the elec-
wicity will eafily force a paflage through the air, and,
by pafling over the furface of the electric plate from
one ceating to the other; renders it muapao]e of re-
Ceiving any confiderable charge *.

The curious properties of charged electrics, and
the farprifing effeéts of the difcharges, entitle it ta
the following more aceurate enumeration of parti-
Culars,

If 3 glafs plate (and the fame thing mult be
Underftood of other electric fubftances), whether
fmooth or rough, be coated with fome condulting
fubs ftance, o that the coatings do not come very
el L —

* T
¢ he Property of Can\luunw the Pl“flll«.l" over their
turly

face is fo great in fome kinds of glafs, as torender them
f{.\.te Ul‘il f()r th{: pﬂTPQ{(‘ of th]! "Hl] s ‘“I d:‘chﬂrting_

&
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near the edge of the plate ; and if fome eledtricity be
communicated to one of thole coatings, whilft the
ather coating communicates with the earth, or with
a fufficient quantity of conducting bodies; then the
laft mentioned coating will of itfelf acquire about
an equal quantity of the contrary eledtricity : but if,
whilft ene fide is acquiring eleétricity, the oppofite
fide does not communicate with the earth, or with a
fufficient quantity of conducting {fubftances; then the
olafs plate cannot be charged, except n a very tri-
fling degree.

Now the reafon why, when one fide of the glafs
is receivingone electricity, the oppofite fide acquires
the other eleflricity, is the fame as was mentioned
above, viz. the property which bodies have of
acquiring an eleGricity contrary to that which is
poflefled by a contiguous electrified body ; and the
interpofition of the glafs plate keeps thofe electrici-
ties {eparate: but if the charge be too high, and
the glafs plate be too thin, then the great attrac-
tion between the two different electricities forces 4
paflage through the glafs, difcharges it, and, by break-
ing it, renders it unfit to receive another charge,

Thofe effets take place in the fame manner if
the glafs be not in the form of a plate, but in any
other fhape whatfoever, provided it be f{ufficiently
thin; it being not the form but the thickne(s of the
plafs that renders it capable of receiving an highet
or a lower charge. The thinner glas receives
the higheft charge, but it is more liable to be broken

LA -
‘ This
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This remarkable property was difcovered by Von
Kleilt in 1745*, but it was firft fatisfactorily noticed
at Leyden, where the experiment was performed
with a phial ; hence a phial or bottle coated on the
infide and outfide for' the purpofe of charging, &c.
has been called the Leyden Phial, otherwife an elee.
ric jar; and the charging and difcharging of a
coated elefiric, in general, has been called the
Leyden Experiment.

A coated glafs is capable of holding a greater
charge in condenfed than in rarefied air, provided
the air be dry.

If a coated glafs plate or jar, after having been
charged, be infulated, and only one of its codnings,
or fides, be touched with fome conduétor ; that fide
will not part with its eledtricity, becaufe the elee-
tricity of one fide exifts in confequence of the con-
trary electricity on the oppofite fide, and they, by
their mutual attraction, confine each other o the
furface of the glafs. Therefore, in order to dif
chargc that glafs, both coatings muft be conne&ted
by means of 2 conduéting body, and then the dif
charge is made through that conduficr.  The dife
charge may alfo be made by connec ‘ting each coating
with a large quantity of conducting bodies.

When, in order to difcharge a jar, one of it
coatings is touched firlt with a conduétor, as for in

ftance, with gne end of a brafs chain, no partlcu]ar
Sl

* Pricflley’s Hig, of Eleat. 3dedit. vol. L p. 105,
phenomenon
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phenomenon will take place; but as foon as the
other end of the chain comes within a fufficient
diflance of the other coating, a {park will be feen
between this end of the chain and that coating, ac-
companied with a report, and the jar i$ inflantiy
difcharged.

The {park thus produced by the difcharge of a
charged ele€tric or Leyden phial, is much brighter,
much louder, but at the {fame time mueh {horter
than that which is taken from an infulated conduétor
that contains an equal quantity of electricity.

If-the communication between the two coatings
of a charged jar be made by means of imperfect
conductors, as a flender piece of wood, or wet pack-
thread, &c. the difcharge will be made filently, but
not fo fuddenly, and of courfe its effects will not be
fo great, as when it is difcharged {uddenly.

The force of the fhock, which is produced by
coated glafs of a given thicknefs, is proportionate
to the quantity of coated furface, fuppofing that the
charge has been carried up to the utmoft degree.
Hence by increafing the quantity of coated furface
the charge, and the effects of the difcharge or thock,
may be increafed almoft to any degree. . A number
of coated jars, conneéted together in fuch a manner
as to unite their forces and aé like one jar, confti-
tutes what is called an eleirical battery.

In making the difcharge, the electricity, which
goes from one fide of the jar to compenfate the

contrary eleétricity of the oppofite fide, through
gOOd
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good conductors, has been found to move with in-
appreciable quicknefs *

The force and the noife of an eleétric difcharge
Is not affeed by the infleftions of the condutor
through which it paffes, but is fenfibly weakened
by its length.

It evidently appears that the ele@ricity finds fome
obftrudtion in going through even the beft conduc-
tors; for in fome cafes it will prefer a fhore paflage
through the air, to a long one through the beft
conductors. The obftrultion is greater where the
conduétors, which form the circuit, are not in per-
feft contalt, and efpecially’ where the eletsicity
muft pals from a more perfelt to a lefs’ perfect
conduétor.

A ftrong fhock fent through an animal or a plant,
puts an end to animal as well as to vegetable lifet.
If a fmall interruption of the circuit be made in
water, on making the difcharge (notwithftanding
that the water is 2 conductor) a fpark will be feen
in it, which never fails to agitate the water; and
often breaks the veflel that contains it 1f, by
malunw a fmall interrupticn of ‘the circuit berween

1

2 k Il\. ey %S h(ﬂon of ._]u..’[ih.l[}, PLI‘IDJT\ HI Sedt. I'

T The common Bal jfzm (mnbnmnﬂ is the plant which,
as far as kiow, is killed eafieft by ele&tricity. * The fhock
of a final} ; Jary fuch asa coated 4 4 ounce Fhi:‘l_], is {ufficient to
deftroy the life of 5 full srown balfam. The plant beginsto
droop immediate] y after the fhock.
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the two fides of a Leyden phial, in water, the fhock
is pafled through it, fo as to produce a {park in the
water, that difcharge will be found to produce an
exceedingly fmall bubble of elaftic fluid ; and, by
repeating the difcharge a vaft number of times, 2
certain quantity of that elaftic fluid may be accu-
mulated, which is inflammable, and appears to be a
mixture of hydrogen and common air or oxygen
air, viz. the components of water. By inflamma-
tion this elaftic fluid explodes, and is converted
again into water ¥,

If the circuit be interrupted by one or more elec-
trics, or imperfeét conductors, of a moderate thick-
nefs, the eleftric fhock will break them, and in
fome circumftances will difperfe them in every di-
re€tion, and in fuch a manner as if the force pro-
ceeded from the centre of every one of the inter-
pofed bodies. In feveral inftances the effect of the
fhock upon. an interpoled body is evidently greater
on that fide of it which communicates with the po-
ficive ide of the jar or battery.

A ftrong thock fent through a {lender wire, or @
fmall piece of metal, makes it inftantly red-hot,
melts it, and, when the fufion is perfect, reduces it

et

* See 3 letter on the fubjed from Meflrs, Padts, Vs
T rooftwyk, and Deiman, to Mr. De la Metherie, or, @f
Treatife on EleGricity, 4th cdition, vol, T11. page 168-
Alfo Dr. Pearfon’s Paper in the Philofophical Tranfaction®s
Volume for the Year 1797, page 142.

int
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into globules of different fizes, or even info a feoria.
If the metal be placed between pieces of glafs, the
fhock, by melting ir, will force it into the very fub-
ftance of the glafs. The glafies themfelves are
generally fhattered to pieces. ‘
If thofe glafes which inclofe the metal be preffed
by heavy weights, then a remarkably fmall fhock
is often capable, not only of fhaking off the weights,
but zlfo of breaking fuch thick glaffes as otherwife
would require the force of a large battery. A thick
piece of glals may likewife be broken into innu-
merable fragments, by only fending a thock over a
fmall part of its furface, when that part is preffed
by weights, without the interpofition of any metal.
When fuch pieces of glafs are not broken by the
explofion, they then will frequently be found mark-
ed with the moit lively prifmatic colours, which
lie fornetimes confufed, and at other times in their
Prifmatic order. The coloured fpot is evidently
OWing to thin plates or fcales, ‘partly feparated
from the olafs; and it generally occupies a {pace
of about one inch in length, and haif an ineh in
breadtl, 3
: The force which is required to melt wires of the
!ame metal, muft be greater or lefs, according to the
length ang thicknefs of the wire; but it.is far from
bear ing any direct proportion to the quantity of me-
@al; for if a wire of 2 certain length and diameter be
varely melteq by a large battery, a wire of equal

VOL. 111, BB length
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length and twice the fubftance cannot perhaps be
melted by lefs than ten fuch batteries.

When a moderate fhock (meaning a fhock that
is not fufficient to melt the metallic. circuit) is fent
through an imperfe® metal, efpecially when the
circuit confifts of feveral pieces, as a chain ; a black
duft, in the form of fimoke, will proceed from that
metal, which 1s a metallic oxide. If fuch circuit be
laid upon paper, glafs, or other non-conductor, this,
after the explofion, will be found ftamned with indeli-
ble marks, and often fhews evident figns of having
been burnt. A long and permanent track may be
marked upon olafs, and upon feveral other bodies,
efpecially upon certain painted furfaces, by pafling
an eleétric thock over their furfaces ¥,

A fhock fent through -feveral metallic oxides,
when thefe form part of the circuit, frequently re-
duces them into the metallic ftate,

A fufficiently ftrong fhock fent through a mag-
net has fometimes deftroyed its virtue, and at other
times has invigorated it, or even reverifed its poles.
The following particulars will ‘thew the circum-
ftances that are likely to produce fuch effects. When
the charge of eight feet of coated glafs furface, of
even lefs, is fent through a fine fewing-needle, the
needle will thereby often acquire a magnetic polaritys

% See my Treatife on Eleétricity, 4th edition, vol. IL.
«

page 50.

{o
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fo as to traverfe when laid gently upon water, If
the needle be firuck, laying eaft and weft, then that
end of it which.is entered by the fhock, viz. that
which communicates with the pofitive fide of the
battery, or jar, will afterwards point north ; bur if
the needle be ftruck laying north and fouth, then
that end of it which ftands towards the north will,
in any cale, point north, and the needle will acquire
a ftronger virtue in this than in the former cafe ;
and laftly, if the needle be fet ftraight up, and the
electric fhock enters it at either point; then the
lower extremity of the needle will acquire the pro-
perty of pointing north *. This however cannot
take place in all parts of the world, for a reafon
which will appear in the next fection.

A {mall thock is fufficient to inflame feveral in-
fammable fubftances ; and inflammable {pirits may
be fired even by a fpark proceeding from an elec-
trified conduor.

If the moderate charge of a large battery be dif-
charged between two fmooth furfaces of metallic
bodies, laying at a fmall diftance from each others
or if the explofion of a battety, iffuing from a poing-
ed body, as the point of a needle, be repeatedly
taken wpon the finooth and plain furface of a me-
tallic body, fituated at a little diftance . from the
POINE; in either cafe the metallic furface or furfices

= See Franklin’s Letters, p. go, and Beccaria’s Art.
Elec, § 731 ¢0 734,

BRa “will
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will be found marked with circles of partly fcaled or
fufed metal round a central fpot, and, efpecially in
the latter cafe, they will frequently cxhlbat all the
prifmatic colours *

W henthedifchar gem‘a battery is made by bringing
the conduétors which proceed from the coatings of 2
hattery, in contact with, or at a little diftance from,
the furface of certain condulting fubftances, as water,
raw meat, moiflt wood, &c. the eletricity, inftead
of going through thofe fubftances, will go over their
furface in a luminous track ; fometimes preferring a
much longer pafiage over the furface to a fhort one
through the fubftance. In this cafe the explofion
never fails to give a concuffion to the body over
which it paffes.

The eleétric explofions taken upon the leaves of
delicate flowers frequently change their colours

The colour of the eleéric fpark, when taken in
hydrogen ot in ammoniac gas, is purple; in carbonic
acid gas it appears white.

The elettric fpark taken repeatedly in common
air, diminifhes a lictle its puricy. In other perma-
nently elaftic fluids fometimes it increafes, and in
others it diminifhes, their bulk, and alters their qua*
lity in a certain degree 1.

# For farther particulars concerning thofe circles, fee the
Phil. T'ranf. vol. 58.
'i” Prieftley’s Hiftory of Ele&t. P. VII.
- Sec Dr. Prieftley’s fecond vol, of Obferyations on dif-
’ﬁrcnt kinds of air; and Dr. van Marum’s Agcount ©

£

Experiments with the Teylerian Elec. Machineat Harlem:
_‘j\
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By making the elefric difcharge a great many
times in a mixture of oxygen and common air, or
of oxygen airand azotic gas, the nitrous acid is pro-
duced *,

According to the theory, the elettric fluid which
1s communicated to one fide of the glafs drives
away the eleétric fluid from the other {ide, or the
ele@ricity of one fide induces a -contrary eleGricity

on the oppolite fide ; but it is impofiible to fay how
this virtue or this repulfion can operate through the
glafs, which is impervious to the electric fluid
much lefs do we know where the fuperinduced
eleftric fluid refides.—Is it lodged in the fur-
face of the glafs, orin the air contiguous to the
glafs ? In the firlt cafe, if the additional eletric
fluid penetrates a certain way into the fubftance of
the glafs, it follows, that a plate may be given fo
thin as to be permeable to the elettric fluid, and of
courfe incapable of a charge ; yet glafs balls blown
€xceedingly thin, viz. about the 6ooth part of an
inch thick, when coated, &c. were found capable or
holding a charge t-

Mr. Canton charged fome thin glafs balls about
I 3 inch in diameter, having necks or tubes of about
iy

* See Mr, Cavendifh’s Experiments, which produced
this remarkable difcovery, in the 75th and 78th volumes of

t_he Phi]oibphical Tranfaftions. See allo the Phil. Tranf.
for 1800, p,

1g0, and 202.

i + The charg'mg of a jar does by no means difplace the
aix from its infide; neither coes the charge heat or cool it.
EB 3 nine
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nine inches in length, and afterwards fealed the ends
of the tubes hermetically. If thofe balls were pre-
fented to an eletrometer, they fhewed no fign of
electricity ; but if they were warmed, by being kept
a fhort time before the fire, then they appeared to
be ftrongly electrical, and appeared poffefied of that
eleCtricity which had been communicated to their
infide 5 which fhews that heat renders the olafs per-
meable to the eleCiric fluid.  This éle@ricity is not
that which properly conftitutes the charge, but is the
{uperfluous eletricity of their infide ; for an elec-
tric Jar may always retain a little more elericity
on one fide, than what is jult fufficient to counteraét
the eletricity of the oppofite fide. 1If a charged
jar be infulated, and then be difcharged by con-
necting its coatings with an infulated difcharging
rod, after the difcharge, both thefides of the glafs
togetner with the difcharging rod, will be found
flightly poflefied of the electricity contrary to that
of that fide of the jar which was touched laft.
Some very remarkable phenomena, the caufe of
which is far from being clearly underftood, are ex-
hibited by flat glafs plates, jointly charged like a
fingle plate.  If two flat glafs plates be placed cne
upon the othet, and their outward furfaces be coated
with tin-foil, in the ufual manner of coating a fingle
plate for the Leyden experiment; and if thefe be
charged by prefenting one coating to an ele@rified
body, and communicating the other with the earth's
the plates (which we fhall call A and B) after the

charge

=]
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charge will adhere firmly to each other; but if fepa-
rated, A, whofe coating was charged pofitively, will
appear pofitive on both fides, and B negative on
both fides. If thefe plates be laid one upon the
other as before, ‘and be difcharged, by making a
communication between the two coated fides ; they
will afterwards be found ftill to adhere to each other,
and if feparated, they will ftill appear to be electri-
fied, but with this remarkable differeénce, viz. that A
is negative on both fides, and B pofitive oa both
fides. If, after the difcharge, the feparation be made
in the dark, flathes of light will be perceived be-
tween their internal furfaces. By laying the plates
together, touching their coatings, and {eparating
them fuceeflively, the fafhes may be obferved fora
confiderable number of times, diminifhing by de=
grees until they vanifh.

But thofe effets are not conftantly the fame with
all forts of glafs. Crown glafs and common plate
alafs exhibit the above-mentioned phenomena; but
it was obferved by Mr. Henly, that Dutch' glals
plates; when treated in the fame manner, have each
2 pofitive and a negative fide. He alfo obferved
fome other irregularities. Beccaria endeavoured
t0 account for thofe and fimilar phenomena by fup-
pofing that when two bodies, either a conductor
and an elediric, or two contrarily and equally elec-
rified eleclrics, are put one upon the other, they ad-
here to each other, and their eletricities difappear;

becaufe the two oppolite powers counteract cach
BE 4 _ other;
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other ; but as foon as they are feparated, the elec-
trics fhew a power or a tendency to recover their
eleCtricities.  This is what he called wvipdicating
eleiricity *.

We fhall laftly cbferve, with refpeét to. commu-
nicated eleCtricity, that the application of it either as
fimple eleérization, or in the form of fparks and
fhocks to the human body, has been found un-
queftionably ferviceable in various diforders, fome
of which had refifted every other medical applica-
tion.  But it muft at the fame time be coafelled
that this application is not.frequently fuccefsful to
any remarkable degree.

Without entering into any particular difcullion
refpeing its power, or the particular effets which
are attributed to it in particular diforders, I fhall in
general obferve, that the application of elericity
has moftly proved beneficial in recent cafes of ob-
ftruétion, whether of motion, of circulation, or of
fecretion ; .and that a gentle application has, upon
the whole, proved more advantageous than {trong
fhocks.

The moft general pratice is to infulate the. pa-
tient, to place him in contaét with the eleétrified
conduttor, in the manner which will be fhewn
hereafter, and then either to prefent a pointed body

* For farther particulars relative to this vindicating elec=
tricity fee Beccaria’s Art. Elec, Part II, Sec, VI. or mY
Treatife on Elec. 4th edition, vol. II. Appendix N° 1.
towards
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towards the part affefted, (which produces rather
an agreeable {enfation, and 1s called giving the elec-
trical awra) ; or to draw fparks from the part, or at
moft to pafs very ilight Thocks threugh it.

The novice in this branch of natural philofophy
can hardly underftand the meaning of feveral facts
that are mentioned in this and the preceding chapters
of this fection. They have been put together for
the fake of reference, and in order that the leading
principles of the theory might be feen under one
point of view ; ‘but the experiments which will be

defcribed in the fequel will probably remove every
difficulty.




E

CHAPTER“V,

DESCRIPTION OF THE ELECTRICAL APPARATUS,

HE eletrical apparatus confifts of inftruments

neceflary either for producing electricity, or
for accumulating, retaining, and employing it;, or
laftly, for meafuring its quantity and afcertaining its
quality.

The principal inflrument for the produétion of
electricity is a machine capable, by any means, of
exciting an eleftric, o as to produce eleitrical ap-
pearances. The moft effential parts of this machine
are the eleftric, the moving ‘engine, -the rubber,
and the prime conduétor, viz. an infulated conduc-
tor, which immediately receives the eleétricity from
the excited eleétric,

The eletric was formerly ufed of various {ub-
ftances and various fhapes. At prefent glafs globes,
or glafs cylinders, or circular glafs plates, are almoft
all the variety that is ufed, and which indeed are the
moft advantageous. The moflt ufual fize for the
globes is from g to 12 inches in diameter; and they
are moftly made with one neck. The cylinders 2r¢

i ‘ made
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made with two necks, and they are of all fizes, even
as far as 24 inches in diameter. The glafs plates are
alfo of various fizes. The glafs generally ufed in
this country for fuch purpofes is the beft flint glafs,
and the articles thould be well annailed.

With refpect to the engine, which is to give mo-
tion to the eleftric, multiplying wheels have been
generally ufed, which might move the electric with

conliderable velocity, whilft they are commodioufly
turned by a winch. A wheel and an endlefs forew

has alfo been ufed, but this 1s apt to make arattling
noife, and foon wears away., But cither a cylinder
or a circular plate may be moved quite quick enough
by means of a fimple winch, to which the hand is
immediately applied.

The rubber is the next article which muft be de-
feribed.  After a variety of trials it appears that the
beft rubbers for a globe or a cylinder are made of
leather ftuffed with hair, and a pretty long piece of
fine filk is faftened to one fide of the rubber, and
after having paffed over the rubber, viz. between
the cufhion and the globe or cylinder, fpreads over
more than one third part of the circumference of the
latter, For a plate the rubbers moftly confift of a
Piece of leather with a piece of filk at its ex-
tremity, or of cufhions, &ec.

The Proper conftruction of the rubber requires,
1at the fide of it which the furface of the glafs en-
ters in Whirling, may be as perfect a conductor as
poflible, in order 1o fupply the glafs with elettric

fluid,

tl
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fluid, and that its other fide be as much a non-con-
duflor as pofiible, in order that none of the fluid
which is accumulated upon the glafs may return to
the rubber.

The rubber fhould be fupported by a fpring, by
which.means it may eafily fuit the inequality of the
glafs, and the fpring fhould be fixed faft upon a
glafs pillar or other infulating ftand ; it being ufeful
to have the rubberinfulated in feveral experiments ;
but when its infulation is not required, a chain or
wire is ealily fufpended to it, and thus it may be
made te communicate with the earth, or with any
other body at pleafure.

‘The prime conduéior 1s nothing more than an in-
fulated conduétor which is ficuated with one of its
extremities contiguous, but not quite in contaét,
with the eletric, and nearly oppofite to the rubber.
This conduttor may be made of hollow brafs, or of
tin plates, or of pafteboard covered with tin-foil, or
of wood covered with tin-foil, &c. Its fhape is ge-
netrally cylindrical with femi-globular terminations.
But be the fhape what it may, care fhould be had to
make it as free as poffible /from points, fharp cor-
ners, fharp edges, &c. for thefe throw off and diffi-
pate the ele€tric fluid; but on the end which is con-
tiguous to the electric, it muft have a fhort pointed
wire, or two, . or more, which are called the collec-
tor; and will readily receive the electricity.

The fize of the conduttor fhould be propor-
tionate to the fize and power of the ele&ric. The

larget
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larger the prime conductor is, the denfer and longer
fparks’ may be drawn from it, provided the elec-
tric be fufficiently powerful. But beyond a certain
fize, the diffipation from the furface may be greater
than what the eleéric can fupply, and in that cafe
the large conductor is difadvantageous.

Upon thofe principles eletrical machines of a
vaft variety of fhapes and fizes have been conftrut-
ed in this as well as in other countries. But amongit
all that variety, we fhall defcribe two only, which,
upon the whole, are the moft commodious, and are
more generally ufeful. :

Fig. 4. Plate XXIII. reprefents an eleétrical ma-
chine of the impleft fort. GEFisa firong board,
which fupports all the parts of this machine, and
which may be faftened to a firong table by means of
one or more iron or braf§ clamps, as at Q. The
glafs cylinder A B, quite clean and dry in its infide,
1s about 10 inches in diameter, and is furnithed with
two caps, either of wood or brafs, into whick its two
fhort necks are firmly cemented *.  Fach of thofe
€aps has a pin, or prejection, or pivot, which turns
in a hole through 2 wooden piece, that is cemented
on the top of a g lafs pillar, as at A and B on the
glals pillars B F iy A G, which are firmly fixed to
the bottem board GEF.  One of the above-men-

The be t ce

ment for this purpefe is made by melting
and incor

Porating together 5 parts of rofin, 4 of bees-wix,
and 2 parts of powdered red ochre..

PP |
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tioned projections pafes quite through the wooden
piece, as at A, and has a {quare termination, to which
the winder A D is applied and {ecured on by means
of aferew nut. Then by applying the band at D, the
operator may turn the cylinder, &c. Sometimes
the part AC of the winder is made of glafs, in order
the more effectually to prevent the efcape of the
electric fluid from the cylinder. IR is the rubber,
and IRK is the filken flap*. This cufhion or
rubber is faftened to a {pring which proceeds from
a focket cemented on the top of the glafs pillar S.
The lower part of this pillar is fixed into a {mall
board which flides upon the bottom beard of the
machine, and by means of a ferew nut and a flic at
H, may be fixed more or lefs forward, in order that
the rubber may prefs more or lefs upon the eylin-
der, NF isa glafs pillar which is fixed in the bot-
tom board, and fupports the prime condufor ML,
of hollow brafs or tin plates, which has the colle€tor
or pointed wires at L, and a knobbed wire at M,
From this brafs knob O, a longer {park may be
drawn than from any other part of the conduétor.
But this knobbed wire is only fcrewed into the con-
ductor, and may be eafily removed from it.

As glafs 1s apt to attract moilture from the air,
in which cafe it conduéls the ele@ricity over its fur-

face 3 therefore it is proper to cover with fealing-

* The filk generally ufed for this purpofe is what is com-
menly called black mode.

waXs
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waX, of to varnifh over, the glafs pillars of this ma-
chine, as alfo all thofe glafs articles which ferve for
jn{ulating ; for when varnifhed, and efpscially when
covered over with fealing-wax in the dry way, they
attra® the moilture, either not all, or in an incom-
parably {maller degtee, and of courfe they infulate
vaftly better *.

. The fimple rubber, fuch as has been defcribed,
will produce a very flight excitation of the cylinder ;
but its power is vaftly increafed by laying upon it a
little amalgam of tin, and efpecially an amalgam
of zinc +. The beft way of ufing this emalgam is

as

* Inorder to cover glafs with fealing-wax in the dry
way, warm the glafs gradually near the fire, and when f{uffi-
ciently warm, rub a ftick of fealing-wax gently over its fur-
face; for by this means the fealing-wax is melted, and ad-
heres to the glafs. In the humid way, the fealing-wax muit
be diffolved in very good fpirit of wine, for which purpofe
You need only break the fealing-wax into fmall bits, and
leave it in the fpirit of wine for a.day or two, fhaking it now
and then, ~~This folution muft be laid upon the dry and
clean glafs, by means of an hair penil, and when the firft
‘f”‘“ of it is quite dry, then a fecond, a third, and even @
fourth coat fhould be laid on.

The beit varnith for this purpole is the amber varnifh,

which inda.o1 -~ ol A R . :
h indeg antwers as weil as the 1eahng-wax it the ary
way, :

: SUCIE mult be made with great care and caution.—Sce
the partie ; . ’ - 5 r
- }_tar.tl._ulai defeription of the procefs in my Treatife on
ECIriCity, L
HIHCIyy 4th edition, val. I1IL. p. 2g6.

+ The amale- B W il f
J amalgam of tin is made with two parts of quicka
ol

viy
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as follows : Firft make the rubber with the filk flap
very clean and dry, and put itin its place,asat R I ;
then fpread a little of the amalgam upon a piece of
leather, and apply it to the under part of the cylinder,
while this is revolving in the diretion of the letters
a,B, ¢4 for by this means particles of the amalgam
will be carried by the glafs itfelf to the lower part of
the rubber, and will increafe the excitation prodigi-
oufly. The leather with the amalgam needs not be
kept againft the cylinder longer than it may be re-
quired to produce the defired effect; for when the
excitation decreafes, the leather may be applied
again,

The fimpleft conftruction of the plate machine is
reprefented by fig. g, Plate XXIII. which requires
very littde explanation. ABCDM is a weoden
frame, to which the four rubbers are affixed, which

filver, and one of tin-foil, with a fmall quantity of pow-
dered chalk, mixed together until it becomes a mafs like

. pafte.

To make the amalgam of zinc, let four or five parts of
quickfilver be heated higher than the degree of boiling water,
and let one part of zire: be melted in a crucible or in an iron
ladle.  Pour the heated duickfilyer into a wooden box, and
immediately after pour the melted zinc into it. Then fhut
up the box, and fhake it for about half 2 minute. After this
you muft wait until the amalgam is quite cold, or nearly fo,
and then you may mix ity by trituration, with a {mall quan=
tity of greafe, fuch as tallow or mutton-fuet, a very fmall
portion of finely powdered whitening, and about a fourth par*
of the above amazlzam of tin,

by

o’
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by means of the fcrews g, 2,8 g» may be made to
bear with proper preffure upon the circular glafs
plate HK*. This plate has a hole through its
middle, to which an axis M L is firmly fixed, in
the manner indicated by the magnified fide view,
fig. 6, and is turned by means of the winch L G.
The prime conduétor has a branched termination
with points at the extremities, which colle&t the
€letric fluid from the fore part of the glafs plate.

Some plate machines have been made with twa
glafs plates and eight rubbers, and when properly
conftructed, efpecially as they are made by Mr,
Cuthbertfon, their power is very great. Indeed the
moft powerful eletrical machine now extant is, as
far as I know, one of this conftru@ion made by the
above-mentioned philofophical inftrument maker,
for the mufeum of Teyler, at Harlem ; a particular
defcription of which was given to the public by Dr.
Van Marum f.

This machine confifts of two circular plates, each
65 inches in diameter, fixed on a common axis,
Parallel to each other, and 7 £ inches afunder. Each
Plate is excited by 4 rubbers; the prime conduétor
B o P B

* The rubbers generally confift of oblong cufliions that
: afe frequently affixed to {prings; but fometimes they are only
» Pieces of leather fpread upon wood, to which filken flaps are

aﬂixed, &c,
t Sce 3 Compendious dcﬁ:ription of its effe@s in my

Treatife on Etca;icisy, 4th edition, vol. II. p.273.
YOoL. IiI, ce is
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is divided into two branches, which enter between
the plates, and, by means of points, colleét the elec-
tric fluid from their inner furfaces only.

The plate machines mayin general be made more
compatt and more powerful than other elecirical
machines, but they are liable to a confiderable de-
gree of friction, and of courfe they are not eafily
worked.

In the plate machines the rubbers are not eafily
infulated, yet this has been accomplifhed by varlous,
rather complicated, means *.

Befides the electrical machine, the operator ought
to have fonte glafs tubes, and one or two pretty
large fticks of fealing wax, which are of great ufe in
a variety of experiments.—The beft rubber for the

excitation of a glafs tube is the rough fide of black

oiled filk, efpecially when a little amalgam has
been rubbed over it; but foft new flannel is the beft
rubber for fealing-wax, fulphur, rough glafs, or
biked wood ; every one of which fubftances, when
rubbed with flannel, will acquire the negative elec-
tricity.

The inftruments neceffary for the accumulatioB
of cledricity, are coated eleétrics, amongft which

glafs has juftly obtained the principal place. The

——

# See the defcriptions of thofe machines in letfers from
Dr. Van Marum to the Chevalier M. Landriani, and ©
Dr. Ingenhoufz ; both printed 2t Harlem in the years T 789
and I79T. x

: form
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form 1s immaterial ; but the thicknefs and the qua-
lity of the glafs fhould be noticed.  Thin glafs can
receive a greater charge; but it is at the fame time
more liable to be broken by the difcharge. A
fingle jar may be pretty thin, but fuch jars as are
to form a large battery muft be a little thicker.
When their openings are narrow, thofe jars may
be coated on the infide with brafs filings, which are
ftack by means of gum-water, or pafte; or melted
wax ; but when their openings are fufficiently large,
they may be coated on their infide as well as on the
outfide with tin-foil, or fheet-lead, or gilt paper,
either of which may be ftuck with pafte, or varnith,
or gum-water, &c.

Fig. 7. Plate XXIII. reprefents an eleétric jar,
coated with tin-foil en the infide and outfide, with-
in about three inches of the top of its cylindrical
Part; and having a wire with a round brafs knob,
or ball A, at its extremity. This wire pafies through
the cork or wooden ftopple D, and its lower extre-
Mity touches the infide coating.

Fig, 8, Plate XXIII. reprefents 2 battery con-
f'lfting of 16 jars, coated with tin-foil, and difpofed
N 2 proper bex. The wires, which proceed from
the infide of every four of thoft jars, are fcrewed, or
r"lc‘le’fd or faftened to a common horizontal wire E,
which is kngbhed at each extremity, and by means
of the wires F.F, F, the infide coatings of 8, or 12,
or all the 16 jarg may be connefted together.

ccC2 The
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The infide of the box which contains thofe jars
is likewife lined with tin-foil or tin-plates, for the
purpofe of connecting more effeCtually the outfide
coatings of all the jars. On one fide of this box
there is a hole, through which a ftrong wire or hook
paffes, which communicates with the lining of the
box, and of courle with the outfide coatings of the
jars. To this hook a wire is occafionally faftened,
which conne&s it with one branch of the difcharg-
ing rod BBCA.

The difcharging rod confifts of the glafs handle
A, cemented into the brafs focket C, and the
curved wires B,B, which may be opened and fhut,
like a pair of compafles, by a joint at C.. The ex-
tremities of thofe wires are pointed, and the points
enter the brafs knobs D,"D, to which they are
fcrewed, and from which they may be unfcrewed
at pleafure. With this conftrnction we may ulfe
either the points or the balls, and the inftrument
may be ufed for difcharging jars of various fizes.

Fig. g; Plate XXIII. reprefents Henley’s Uni-
verfal Difcharger, which is a very ufeful infirument
in a great variety of experiments.. A is a flat board
or pedeftal abeut 15 inches long, 4 broad, and !
thick. « B, B, are two gldfs pillars, fixed faft 11to
the board A, and furnifhed at top with brafs caps

each of which has a vertical joint, and fupports 4
{pring-tube, through which the wire DC flides-
Each of thole caps confifts of three pieces fo €™

ﬂef-:rf

d




Of the Elefirical Apfaratus. 389

ne€ted as that the wire D C, befides its ‘fliding
through the {pring-focket, has two other motions,
Viz. an horizontal and a vertical one,  Each of the
wires DC, DC, is turned into a ring at one end,
and at the other end has a brafs ball D, which, by
means of a fhort fpring focket, is flipt upon: its
pointed extremity, and may be removed from it at
pleafure. E is a ftrong piece of wood, or tablet,
about g inches in diameter, having on its'{urface a
flip of ivory inlaid, and is furnithed with a ftrong
cylindrical foot that fits "the cavity of the focket F,
which is faltened into the bottom board A, and has
a ferew G, which ferves to detain the foot of the
circular tablet E at any requiréd height. . H is a
{mall prefs which belongs to this inftrument. © Tt
confifts of two oblong pieces of board, which may
be prefled againft each other, or againft any thing
that may be interpofed, by means of the ferews and
nuts g, g, The lower of thofe boards has a cylin-
drical foot equal rto that of the board E.  When
this prefs is to be ufed, it is fixed into the focket F,
in the place of the circular board E, which muf, in
that cafe, be removed.

The jufiruments which either manifeft the pre-
fence, or manifeft the prefence and the quality, or
meaftire the quantity of ele@ricity, are called elec-

toie
HTOmELers or elefirgfeopes 3 and they have been made of
a great

variety of fhapes, from which, as alfo from
t

heir N : i
NeIr ufes, they have derived peculiar appellations.
i o =
A fimple thread, or a feather, or other light body,
c L fimply
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fimply fufpended by a fine thread, may be ufed for
exploring whether a body be eleétrified or not; for
if the body be electrified, and be brought near it,
the thread, or other light body, will be attradted
by it. '

The fimpleft cleGtrometer for afcertaining the
quality as well as the preience of ele@ricity, has
been already defcribed ; 1t 1s réprefented at fig. 2,
and 3, Plate XXIII. and is called, from its inven-
tor, Centon’s Eleflrometer.

Fig. 10, Plate! XXII1. reprefents Henley's Qua-
drant Elefrometer, fixed upon a fmall circular ftand,
from which it may be occalionally feparited, and
may be fixed upon the prime conduétor, or elfe-
where. This electrometer indicates the quantity,
or rather the condenfation, of eleétricity. It con-
filts of a perpendicular ftem of box wood, with 2
globular termination at top, and having a brafs fer-
rule at its lower extremity, by which it may be
fixed upon the prime conduftor, or upon the elec-
trical battery, &c.  To the upper part of the ftem
a graduated ivory femicircle is fixed, about the
middle of which is a brafs arm, which contains 2
pin or axis of the index. The index confifts of 2
very flender ftick of box wood, which reaches from
the centre of the graduated femicircle to the brafs
ferrule, and has a frmall cork ball fufténed to its
lower extremity. When this ele@rometer is not
electrified, the index bangs paralle]l to the pillaf
and its cork ball touches the brafs ferrule, s in

6 fig
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fig- 10; but when eleérified, theindex is repelled
by, or recedes from, the ftem more or lefs, accord=
ing to the intenfity of the eletricity; and the gra-
duation on the ivory femicircle fhews the force or
the elevation of the index, as at P in fig, 5.

A vaflt number of alterations have been made to
this ele@rometer, viz. the index has been enclofed
between two ivory femicircles; the whole has been
made of brafs, with multiplying wheels, and a coun~
terpoife has been put to the index, in order to render
a {mall force of electricity more perceptible, &c,
but, after all, the fimple original conftruétion, as
defcribed above, feems preferable.

The principle of Lane’s Difcharging Elecirome-
ter, as is now commonly ufed, efpecially by the
praftitioners of medical electricity, is fhewn in
fig. 13, Plate XXIIIL It confifts of a glafs arm D,
which proceeds from a focket on the wire of the
eledtrical jar F, and to the top of which a bras
{pring-focket E is cemented ; through this focker
a brafs wire, with the ball B at one end and the
ring C at the other, may be flid backwards and for-
wards, The wire B C is gencrally marked with
divifions of inches and tenths. When the jar F is
fet in conra& with the prime gonduétor, as repre-
fented in the figure, and the ball B is fet at the
diftance, for inftance, of one-tenth of an inch from
the ball A, 1t a wire CK be fixed between the
ri?g C of the ele@rometer, and the outfide coating
of the jar; then, when the eleCrical machine is in

cc 4 ation,
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action, the jar F cannot be charged beyond a cer-
tain point; for when the charge is ftrong enough
to leap from the ball A to the ball B, the difcharge
will take place, and the fhock will pafs through the
wire C K, or through a human body, or through
any other conduéting body that is placed, inftead of
the wire CK, to form the communication. Thus
by fituating the ball B farther from' the ball A,
ftronger (hocks may be given, as far as the fame jar
is capable of.

This ele@rometer has likewife undergone a great
many alterations. An Improvement of it, and a
combination of this and other eleltrometers was
made by Mr. Cuthbert{on *, '

In performing feveral atmofpherico-electrical ex-
periments about the year 1776, I found that the ufe
of Canton's cork-ball eletrometer was much ob-
flru&ted by the wind, in confequence of which I
attempted.to enclofe it in a bortle, and after a va-
riety of ‘trials and alterattons the inftrument was in
the year 1777 brought to the ftate which is repre-
fented in fig. 11, Plate X XIII. which is about the
half of the original fize; but the fhape as well as the
fize of it has been frequently altered by the philofo-
phical inftrument makers,  The three parts of the
figure reprefent the infirument in its cafk, the fame

* See a defcription of it in Nicholfon’s Journal of Nat

Phil. &c, vol. IL. p. 528.
‘ put
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out of the cafe, and a fe&ion of its bm{"s'cap and
neck, '

CDMN is an open glals veflel narrower at tap
than at bottom, and cemented into the wooden
piece AB, by which part the inftrument is held
when it is to be prefented to the atmofphere, or
it may be refted upon a table for other experiments.
This wooden piece alfo ferves to ferew the infiru-
ment into its wooden cafe O. The upper part of
CDMN is tapering like the neck of a phial, and
a fhort glafs tube is'cemented into it, fo as to pro-
jet a little above and a little within the neck of the
former, * Then the upper part of the inftrument,
from CD to L, is covered with fealing-wax, by
means of heat, which oives it the appearance of onz
continvate body,  The inner part G of the [inall
glals tube is alfo covered with [ealing-wax. Iato
this tube a brafs wire is cemented, the lower parlf
H of which is flartened, and is perforated with two
holes ; the upper ‘part L is formed into a fecrew,
upon which the brafs cap EF is ferewed. The
office of this cap is to defend the upper part of the
Wftrument from the rain.  The conical, or oval, or
%IDbUIar, corks P of this electrometer, are as fmall
A% can be made, and are fufpended by exceedingly
fine fiyer w

n ri :
1Ings, which pafs through the holes at I, and are

thereby 3
; OF o lvofely fufpended, that they are caufed to
diverge whe

ires, the upper parts of which are formed

A n the brafs cap E is expofed to a yery
flightly electrifieq atmofphere. 1M and KN are

two
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two narrow flips of tin-foil fluck to the infide of
the glafs, and communicating with the wooden bot«
tom A B;—they ferve to carry off that ele&ricity,
which, when the corks touch the glafs, is communi-
cated to it, and if accumulated would difturb the
frec motion of the corks,

An ufeful alteration of this eleétrometer was made
by Mr. Bennet. It confifts of twe flips of gold-
leaf, or filver-leaf, fufpended from the cover of, and
hanging within, a cylindrical glafs veflel, inftead of
the corks fufpended by wires or threads. ~ The {lips
of gold are about 2 § inches long, and {fometimes
they are narrower at their lower extremities, This
ele@rometer is the moft fenfible inftrument of the
kind, and very ufeful in nice experiments; the gold
flips being caufed to diverge in a ready and unequi-
vocal manner by very fmall quantities of electri-
city ; but the inFrument, thus furnifhed, is by no
means portahle®. If very.fine threads ftiffened with
glue, be ufed watl.out any balls, they will be found
nearly as fenfible as the flips of gold leaf.

Such are the moft effential parts of the electrical

apparatus.  But there is a- great variety of parti-
cular inftruments, which are to be ufed for the per-
formance of peculiar experiments ; but the defcrip-
tion of thefe, as well as the neceffary inftructions for
the management of the fame, and for the general
pcrfﬁrmanue of experiments, will be found in the

f{'qucl‘
___—-'-'-_

» See the defcrip.ion of it ini the Phil, Tranf. vol. 77+
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CHAP, VI,

ELECTRICAL EXPERIMENTS.

HE principal objeét of this chapter is, to de-

{cribe fuch experiments as are more effen-
tially neceflary for proving the laws which have
been ftated in che preceding c'haptc:"s of - this
fection. !

A few very trifling articles, fuch as a glafs tube,”
a flick of fealing-wax, or a piece of amber, and
two or three eleCtrometers, will be fufficient to
prove the leading propofitions of ele@ricity ; but
the elerical machine being the principal article of
a pretty large eleétrical apparatus, we fhall begin
by “explaining the. proper management of the
{fame,

When the weather is clear and dry, efpecially in
ferene and frofty weather, the ele@rical machine
always works wells  In very hot or damp weather,
the machine does not work well; therefore more

attention ig required in the latter circumitance than
in the former ; yet, with proper care, the elettrical
machine may at all times be made to work with fuf-

ficient power, by attending to the following in-

- -

firu&tions.
Before




396 Eleitrical Experiments.

Before the machine be ufed, the cylinder fhould
be wiped very clean and dry, and in cold weather it
thould be gently warmed by keeping it a little while
at a moderate diftance from a common fire. This
done, if the winch be turned, when all other things
arc removed, and the knouckle be held at a lictle
diftance from the furface of the cylinder, about the
middle of it, and oppofite to th¢ rubber, the elec-
tric fluid will come from the cylinder to the knuckle,
and the fparks, accompanied with a crackling noife,
will Toon be perceived. But fhould this not take
place after about 20 or 3o turns of the cylinder,
take off the rubber from its glafs pillar, clean it
well, and place 1t near the fire, in order to dry act
lealt the fiik flap ;— wipe the cylinder’ well with a
warm fannel or warm filk handkerchief, and re-
place the rubber, fo that it may bear upon the cy-
linder with fufficient force; then hold the piece of
leacher with the amalgam againit the eylinder at its
uader part while you turn the winch, and the ma-
chine will foon acquire its power. - When this has
taken place, remove the leather with the amalgam ;
place the prime conductor before the cylinder, as in
fiz. 4, Plate XXIIL wipe its fland NF quite clean
and dry, and make a good communication, by means
of a wire or otherwife, between the rubber and the
around ; then turn the winchy and the electric fluid,

in the form of fparks, may be drawn from the

e conduétor, by prefenting a blunt uninfulated
T'he longeft fpark may be
d[—awﬂ

.
1

O T o o IRy s
conductor to its fariace,

r
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drawn from the knob O. If the point of a pin be
prefented to the prime conductor whilft the cylinder
1s revolving, a luminous globule of light will be feen
upon the point, which is not attended with any
noife, If the communication between the earth
and the rubbér be removed, and it be made be-
tween the earth and the prime conductor ; then, on
prefenting a pointed pin to the rubber, a brufh or
pencil of light will be feen ifluing from the point,
and tending towards the rubber.

If, when the communication 1s made between the
earth and the prime conductor, a fimple eleCtrome-
ter, viz. two cork balls faltened at che ends of two
threads, be fufpended to the knobbed wire MO
thefe will hang down touching each other, as long
as the machine is not in aétion; but the leaft turn-
ing of the cylinder will make them diverge, or fy
from each other. 1f, in this ftate of repulfion, you
touch the prime conductor with an eleétric, as with
a piece of glafs, or fealing-wax, or amber, or ful-
phur, &c. the cork balls will continue to diverge .
but if you touch it with any uninfulated cnndu&or:
fuch as your finger, or a wire, or a piece of char-
coaly &c. the threads with the balls will imme-
diately collapfe. And this is a ready way of trying
whether 5 given body be a conduétor or not.

Now, according to the theory, the cylinder is
enabled, by the fiiction, to draw the eletric fuid,
which 'n;lr.umlly exifted in the rubber, and throws it
upon the prime conductor, from which, on account

-
i oL




398 Eleftrical Experiments.

of the infulation, it cannot fly away, except what is
communicated to the air, or what flies off in the
form of {parks to any conductor that may be pre-
fented to the prime conductor.

1f the rubber be infulated, the ele&rical machine
will lofe almoft all its power, becaufe the rubber,
after having fupplied the cylinder with its own
fuid, cannot recelve any more, excepta very little
quantity of it from the furrounding air, which is
feldom, if ever, a perfed eletric.—The influx of
ele&ric fuid to the rubber, and the eflux from the
prime conductor, is fhewn by the luminous pencil
or ftar, which is feen on the pin or pointed conductor
that is prefented to them. '

If, when the cork balls are diverging at the end
of the prime conduétor, as mentioned above, you
prefent to them an excited glafs tube, or any other
body pofitively eletrified, the balls will fly from it ;
but they will run towards an excited piece of fealing-
wax, or towards any other body negatively eleCtri-
fied ; and this is a ready way of trying whether an
elecrified body be pofitive or negative.

Sometimes anather prime condu&or is placed in
contaé with the rubber R 1; then the communica-
tion being made between the prime conductor ML
and the earth, the above-mentioned experiments
may be made with the other prime conduftor, but
with this difference, that in the latter cafe they aré
affeted by negative eleétricity, and fhew figns of

that electricity : hence, this conductor is led
- the
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tue negative, and ML is called the pofitive, con-
dutior,

The flying feather.

Take an excited glafs tube in one of your hands,
and let a fmall light feather be left in the air, at the
diftance of about 8 or 10 inches from the tube. This -
feather will be immediately attracted by the tube,
and will adhere very clofely to its furface during a
few feconds, and fometimes longer ; then, having
acquired the fame fort of eledtricity, it will be re-
pelled, and by keeping the tube under it, the fea-
ther will continue to float in the air at a confiderable
diftance from the tube, without coming near it
again, except it firft touches fome condudting fub-
ftance, upon which it can depofit the acquired
electricity. By managing the tube dexteroufly you
may drive the feather to any part of the room at
pleafure, ‘

A remarkable circumftance attends this experi-
ment, which is, that while you keep the feather
from the tube, and move the latter about the forme
€r, the feather always prefents the fame part to-
Wards the tube; the reafon of which 1, that when
the equilibrium of the electric fluid amongf the
PATts of the feather is once difturbed, it is not cafily

reftored, on account of the feather being a very bad
conduétor,

The elefiric well.
Place upop a5 infulating ftand, (viz. a ftool with
glafs legs) metal pint or quart mug, or fome
' other
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other conduéing body nearly of the fame fhape ;
then faften a fhort cork-ball eleérometer, like that
of fig. 2, at the end of a filk thread, proceeding from
the ceiling of the room, or from any other proper
fupport, fo that the cleftrometer may be {ufpended
entirely within the mug. This done, elettrify the
mug, by giving it a fpark with an excited eleétric,
or otherwife, and you will find that the ele&trome-
er, whillt it remains in that infulated fituation, and
even if it be caufed to touch the infide furface of
the mug, will not be attratted by it, nor will it
acquiff: any eleétricity; but if a conduétor, partly
ftanding out of the mug, be made to communicate
with the eleétrometer, then the latter will be imme-
diately attracted by the mug:

In this experiment the ele¢trometer is acted upon
from all fides by the ele&ricity of the mug, and
having no body upon wlhich it can depolit its eleric
fuid, or acquire any from, cannot acquire the con-
trary eleéricity, and of courfe cannot be attrated ;
but when another conductor is prefented to it, then
the attradtion takes place, becaule the elecirometer
in that cafe acquires fome electric fluid from, or
can depofit its fluid upon, that conductor.

T fhew the altion of eleiric atme/pheres.

Let a body be eleétrified, for inftance, pofitively,
and if at fome diftance from it you hold an electro-
meter of cork balls, this eleGrometer will be found
[ﬂ

#J

e E— e ———
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to' diverge, but with negative ele@ricity ; which
may be eafily proved; for if you prefent, to it an
excited piece of glafs, the cork, balls will run to-
wards it; but they will fly away from excited feal-
ing wax, fuppofing this-to be excited always nega-
tively, and the glafs always pofitively.

Infulate in an horizontal pofiion a metallic rod
with blunt terminations, as A B, fig. 14, Plate
K¥11l. about two feet long. and having a cork-
ball electrometer at its extremity A; then bring
within 8 or 10 inches of its other end B an excited
glafs tube ; and the balis C will immediately diverge
with the fame, viz. with pofizive eleftrieity. If
the tube be removed, the balls will immediately
come together, and no ele@ricity: will remain in
tfatn‘; or in the rod. But if, while the tube 1s near
one end B of the rod, and the cork balls di-
verge with pofitive eleétricity, the other end A, be
touched with a fnger, or with any uninfulated con-
dultor, the cork balls will immediately cm}apfe,
remaining as if the tod were perfedtly unelectrified 5
butif, in this ftate of things, the excited tube be
remoyed, the balls will immediately diverge with
negative ele@ricity, fhewing that the rod AB is
undercharged_

This experiment is eafily explained ; for'when the
rod is in 5 natural ftate wich refpeét to eletricity,
then the eletric Auid paturally belonging to it, is
equably diffufed througheut the rod ; but when the
excited tube is brought within 4 certain diftance of

¥OL, III. . Db one
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one of its ends, as B, then the fluid belonging to
that end will be driven towards the extremity A';
which extremity therefore becomes overcharged,
and the other extremity B undercharged, yet the
fod has no more eleétric fluid now than it had be-
fore ; and when rhe tube is removed beyond the
fphere of its attion, the fuperfluous fiuid of the ex-
gremity A returns to its former place B, and the
equilibrium is reftored. But if, whillt the extremity
A is overcharged, this fame extremity be touched,
then its fuperfluous fluid will' be conducted away by
the touching body, leaving the extremity A in a
. natural ftate ; but at the fame time the extremity B
ts undercharged ; therefore, when afterwards the
tube is removed, part of the fluid paturally belong-
ing to the extremity A, goes towards B, and of
courfe the whole rod will remain undercharged, or
eleétrified negatively.

This experiment, which may be endlefily diver-
fified, and fo fimplified as to be performed with a
fimple cork-ball el eGrometer, fhews how an elec-
trometer or other body may be electrified negative-
ly by means of a body eleétrified pofitively, or
vice verfa.

To fhew the alternate m'u,,usz and repulfion of the
‘(’f' ¢ ’t bt Z‘}C"f A

Place upon a flat metallic plate any {mall bddle%

fuch as pieces, or fmall figures, of paper, ¢r biss of
801(1-
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gold-leaf, bran, &c. and, whillt the machine is in
action, hold the faid plate.dire@ly under the prime
conduétor at about 3 or 4 inches diflance from its
{urface;; and the light bodies will foon move be-
tween the plate and the conduttor, leaping alter-
nately from the one to the other. In this experi-
ment the {ma]l bodies and the plate, by being within
the fphere of altion of the eleétrificd prime con-
duflor, become altually pofitfied of the contrary
eleétricity, leaving their eleftric Auid upon the hand
of the operator, or other body that eommunicates
with the plate: hence the light bodies (on account
of the attrattion between bodies differently eleftria
fied) are artrated by the prime conductor. Now
as foon as thefe bodies touch the prime condu&tor,
they become inftantly poficfied of the fume eleétri-
city with'it; therefore they are repelled on account
of the repulfion between bodics pofitfled of the
fame fort of electricity), but they are attraéted by
the plate, which is in a contrary ftate, &c.

If the conduftor be {uppofed to be ele@trified
Regatively, the explanation requires a very trifling
and very obvious alteration of e\premonsf

That the finall light bodies cannct be attraded
by the conductor, unlefs they become firft pofleffed
of the Contrary eleciricity, may be proved in-the
follow‘mg manner : — Place the faid light bodies
Upon a clean gnd dry pane of glafs, infteqd of the

metalij " : FE .
Metallic plate, and holding the glafs by one corner,

place it under the eleGrificd prime conduétor, It
DD 2 will
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will be found that the fimall bodics are not attracted,
becaufe in this cafe they have no opportunity of
parting with their natural electric fluid, and confe-
quently carnot acquire the contrary electricity. But
if a finger or any other conductor be prefented to
the under fide of the pane of glafs, then the licht
bodies, will be inftantly attracted, repelled, &c. for
thefe bodies can now depofit their eleftric fluid
upon the upper furface of the glafs plate, whilft the
under furface of the glafs depofits its fluid upon
the finger, or other condutor. If this experi-
ment be continued, the pane of glafs will foon be
charged *.

Experiments

* “The preceding experiments fhew the following falts,
or laws, which we fhall affume as axioms, to prove that the
repulfion of bodies poffefled of the fame fort of elericity,
be it pofitive or negative, feems to be clearly explicable on
the theory of a fingle eleciric fuid, j

1. A body poficiled of either fort of electricity will in-
duce, or tend to induce; the contrary' clefricity on any
other body that comes within its fphere of action, viz. with~
in a certain diftance of its furface.

2. A body cannot appear eleétrified on any part of its
furface (meaning that the ele€irical power cannot manifeft
itfelf, or, according to the theory, the clediric fluid cannot be
equably diffufed through it,) unlels that furface is oppofite
to fome other body which is actually poflefled of the contrary

elericity. And thofe two contratily electrified bodies at=

tiadk or tend to attract each others

3. According
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Experiments with the Leyden Phial,
¥
Place a coated jar, fuch as that of fig. 7, upon
the table where the ele&rical machine ftands, and
with

3. According to the Franklinian hypothefis, the ele€tric
fluid is elaftic, that is, repulfive of its own particles, but
attraive of the particles of other matter.

Now let A and B, fig. 15, I'late XXIII, betwo {pheres
of conducting matter fulpended in the open air, contiguous
to each other, and capable of being ealily moved.  Letfome
eleCtricity be communicated to them, and it-is evident that
this eletricity cannot be diffufed equably over their furfaces,
but it muft be thicker or more condenfed on the parts that
arc remote from the point of contaéty becaule there the air
is at liberty to acquire the contrary eleétricity 3 whereas
near the point of contaét, the electricity cannot be manifeft-
ed, becaufe in that place there is no air or other body which
can acquire the contrary eletricity. Therefore the at-
mofpheres of contrary electricities cannot be concentric with
the {pheres A and B, but muft be fituated lomewhat like

_the dotted reprefentation of fiz. 15 then the {pherical bodies
being attracted towards the centres of thofe {pheres, appear
to .repel each other, as thewn in‘fig. 16; fo that when the
bodies are eletrified pofitively, negative atmofpheres will be
formed round them, and the additional eleétric fluid ‘of the
bodies will attradt, and be attracted by, thole negative at-
mofpheres,  When the bodies are eledtrified negativelfs
Pcﬁti e atmofpheres will be formed round them, which' at-

tract the U.ndcrcharged bodies.
DD 3 Th1s
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with its knob A, in contalt with the prime con=
ducior, di!b place Henley’s quadrant ele@rometer
upen che u ime condutor ; then work the maching,
and the index of the ele@trometer will rife gradually
as far as a certain height, which depends upsn the
force of the machine, fize of the jar, &c. beyond
which it will noc rife. You may then conclude

that the j,l has recet Vul. its full charge ®*. Takea

T NI ok o ket
C’:.‘fk.‘;!!_ N2 rody and, ] (
e of %9 EI
- of ' ¥ » =
jar; then bring tts other branch towards the knob A

This explanation may be eafily applied to bodies of any
other fhape ; proper allowance being made for their more or
lels perfect u..-.un.u;,laag; ar nn,»uLU.J.Iu.,lm:-J' nature,

Some fort of glafs is more apt to difcharge itfelf over
its furface than others. A \DL‘:tLt’F(\.' cannot in gl:ll':.".i'iljl be
charged fo bigh as a fingle jar.  The dampnefs or drynefs of
the air does alfo influence the charge.  Yet Mr. Cuthbertfon
found, that by breathing into a jar through a glafs tube,
prcvinm to the charge, the jar will be enabled to hold a much
greater charge.  He judges of the force of a battery or jar by
the length of wire which its difcharge is able to fufe. Thus
{peaking of his experiments with a certain battery, he fays,
¢ This battery contained 17 [quare feet of coated glals, and
£ was compofed of 15 jars; it was found in the then (tate of
¢ the atmofphere to be incapable of fufing a greater length
¢ of wire than 18 inches. But after brea;hin; into each
& jar through a glafs tube, it took a charge which fuled 60
« inches.” Nicholfon’s Journal of Nat. Phil. &c. vel: H-

P 527,

of
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of the jar,; and you will hear a report, and will fee
vivid fparks between the difcharging rod and the’
conduting fubftances that communicate with the
fides of the glafs. This operation difcharges the
jar. If, inftead of ufing the difcharging rod, you
touch the outfile of the jar with one hand, and its
knob with the otherhand ; then, befides the report,
&c. you will feela peculiar fhock, which, according
to the heighe of the charge, fize of the jar, &c. will
affeét either vour wrifts, or elbows, or breaft, &c.
If a number of perfons join hands, and the firlt of
them touches the outfide of the jar, and the laft
touches the knob, they will all feel the fhock, and
preciiely at the fame perceivable inftant, - But thofe
who are nearer to the coatings of the jar, or wha are
at the extremities of the circuit of communicatien,
will feel the thock ftronger than the reflt ; for the
electricity of either fide becomes lels condenfed,
and of courfe lefs aftive in proportion as it €x=
pands itfelt through a greater quantity of conduct-
ing matter. ' '

The force of the difcharge may be manifefted by

4 great variety of experuncnts.—'fake a card or
quire of paper, or two cards kept a little afunder
by the interpofition of little bits of wax here and
there ; place either of thofe articles flat againft the
outfide coating of a charged jar, and put one of the
knobs of the difcharging rod over it, fo that the
card or quire of paper, or the two cards, may be
interpofed between that knob and the coating of the
DD 4 jar 3
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jar; then, by bringing the other knob of the dif-
l"l‘:El‘\’—T;J‘j’J rod near. the wire of the j.u', make the
difcharge ; and the eleSric matter, rufhing threugh
the eircuit from' the pofitive to the negative fide of
the jar, will piercea hole, and frequently more than
one hole, quite through the card or cards, or quire
of paper, &¢.; and each hole will be found to have
a bur raifed on each fide, unlefs rht card be prefled
too hard againft the fide of the jar *.  If the noftrils
be immediately prefented to ]L]{.'h perforation, a
fimell, fomewhat like that of pholphorus, will be
perceive\l‘ I{, inftead of paper, a very thin: plate
Cof glafs, or of rofin, or of fealing-wax, be interpofed
between thc difcharging rod and the outfide ceat-
ing of the jar, on making the difcharge, this will be
broken in feveral picces.
If a piece of white fugar be interpofed, and the
fhock be fi

broken, and in the dark it will appear beautifully

ficiently firong, the fugar wiil be

luminated, remaining fo for nearly a minute
after.

Put the extremities of two wires upon the {urface
of a card, or, which is the fame, place the card
flac upon the ablet' E of the univerfal difcharger,
fig. g, and having removed the knobs D, D, in
cline the wires, fo that their excremities may reft
upon the card, and at about an inch diftance

R

% T'his thews, that the bur and the perforation are made by

the expanfion of the fubitance of the card or paper. =
2 from
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from each other ; then, by conne&ing one. of the
rings, or wires C, with the outfide of a charged
jar, and the other wire C with the knob of the jar,
the fhock will be caufed to pals over the card ; and
after the fame manner it may be cauled to pals over
the furface of any other body.

If the card be very dry, the difcharge W:I].l leave
upon the card berween the extremnities of the two
wires a lucid track, which will rcmain upon it dur-
ing fome feconds. If the fhock be pafifed over a
picce of writing paper, this will be torn into very
fmall bits. 1f the fhock be fent over a piece of
glafs plate, the furface of the glafs will thereby be
marked with an indelible track. Tn this experiment
the glafs plate is feldom broken; but Mr Henly
found that it may be eafily broken if weights have
been previoufly laid upon it. He ufed - to place a
thick piece of ivory upon that part. of the gla's
which food between the extremities of the wires,
and upon that ivory he placed any weight from a
quarter of an ounce to fix pounds. On making the
diﬁ:hurge, the glafs would generally be broken into
innumerable pieces, fome of it being abfolutely re-
duced into an impaipab]e powder. If the glafs be
t00 thick to be broken by 'the force of the explo-
fion, it will be found marked with the moft lively
Pr'iﬁnatic colours, which are occafioned by very
thin laminz of the glafs, partly {eparated by the
fhock.  The weight is always fhook by the ex-
piofion,
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plafion, and fornetimes it is quite thrown off from
the ivory.
If the card, over which the fhock is fent, be

painted with any particular colour, a permanent

black mark is generally left upon it, elpecially if 1t

In order to hire gun-powder }wg means of the
Leyden phial, make a fmall

e'of paper, and

tha <.-.-l.

fill it with eun-powc il the tube of a quill
o |

with it, and infere the pointed extremities of two

Wikes in ii, {0 that their extremities within the pow-

der may be utu'l ;.';c-l'iff;fa part of an inch from

each other. This done, fend the charge of a Leyden
’

e ~omrronk by Nl oy b= i 11t N "
phial chrough thofe wires, and the gun-powder will

Y a1 e 7 P Py NI Y2 R
e fired.  If the powder be mixed with {teel Alir gs,

the experiment will fucceed even with a fmall

£1.

If the gun-powder be placed loofe ly upon any
ftand, and the interruption of the wire c:rcuit be

made in it 3 on maki

charge of the jar, tlie

fpark which takes place at that interruption, will
fearter the gun-powder withour firing it. -But the

loofe gun-powder may be fired, if the fhock be

tranf{iicted through lefs perfeét conduftors; in
which cale the difcharge being lefs fudden, or ra-

ther proceeding in aftream, the powder will be fired.

cdition, vol, I

wy Treatie on Eleltric

The
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-ming this experiment is

Plate XX ITL.

e 9 4

I sowder, placed vpon the fame table
up.n A B is Grudtedy CDisa g]a‘x‘é
tube about one foot fonz and 7 quareer of an inch

in diafneser, full of water, and having two corks at
its excre ninies. Into thefe corks two wires are
. o . £ ik
thruil, the inner excremities of which juft touch the
water, viz. the fhort wire at D, and the long wire
C A, which makes the comimunication between
the water of the tube and the knob of the jar. On

making the difcharge, which muit pafs through the

{mall guantey of water in CD, and through tite

F B, both imperfet conducturs, the eletric

fluid comes out at D, in the form of a denfe ftream,
which generally fires the cun-powder at E.

If a fpoon, containing {piric of wine, be con-

nected with the outfide of a Leyden phial, and the

o with the infide of

knob of a wice, communicating

the phial, be brought juft over the fuiface of the
fpirit, ar a fmall diftance from g, the difcharge of
the phial will fet fire to the fpirit of wine, provided
this has been previoufly warmed., But the fame
thing may be done by paffing a fimple fpark from
the prime conducor f the.machine through the
warmed {pirit of wine. ‘
A very fine flender wire may be fufed by the
difcharge of 4 fingle jar. For this purpofe you
necd only make that wire part of the circuit; for
inflance,
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mflance, place it between the extremities of the
wires of the univerfal difcharger, The fine turn-
ings or fhavings of fteel, which may be had at ¢h

B

philofophical inftrument makers, are very ealily

y
fufed, even by a finall fhock. But a wire of the
soth part of an inch or U';muds requires a confi-
derable battery to melt jc *

Take two {lips of common window-glafs, about
three inches long and half an inch broad put a
ﬁ"] flip of gold, or filver, or brafs-leaf between

s leaving a little of the metallic leaf out of the
;;md:s at the two ends, and place thofe glafs flips
between the boards of the prefs H of the unjverfal
difcharger, fig. 9, which prefs muft be put in the
place of the wablet E 5 then by conntéting the wires
D, D, with the projefting extremiries o/ che me-
tallic leaf, &c. fend the charge of a pretty large jar
through it; the confequence will be that the glaffes

* [t appears that the higheft charge of a battery, belong-
ing to Dr. Van Marum, and containing 135 fquare feet of
coated {urface, could juft fule 180 inches of iron WILE; 'shs
of an inch in diameter, or 6 inches of iron wire, % of an
inch in diameter ; another battery. belonging to the fame
perfon, and containing 225 fquare feet of coated furfaces
could melt, with its higheft charge, 300 inches of the frft-
mentioned wire, or 10 inches of the laft; alfo the higheft
charge of a third battery, which contained 550 lquare feet
of

coated ' furface, could fule 25 inches of the latter wire
Nicholfon’s Journal of Natural Philo ophyy &c, vols IL
page §27.

are
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are generally fhattered by it; but whethier they are
broken or not, they will be found indelibly marked
by the metal, which is forced fo far into thé pbres
of the glafs, as not to be affeéted even by the men-
ftrua which otherwife are wont to diffvlve it,

Take a wire of the fize of a common knitting-
needle, or larger, and by means of any ezfily flexible
wire or chain, let one end of it communicate with the
outfide coating of a jar, that containsatleaft ten {quare
inches of coated furface. Round the other endiof
the frR-mentioned wire, fome cotton muft be
loofely swifted, fo as to form-a head round it, and
thus coceal the end of the wire. Roll this head
of cotton in powderof lycopodium, or in powder
of rofin: this done, charge the jar, and bring the
cotton head rather quickly towards its knob; by
Wwhich means the difcharge: will be caufed tb pafs
thmugh the faid cotton, which will thereby be in-
ftantly fet on fire.

If 2 jar be difcharged with a difcharging rod that
has not an eletric handle, the hand which holds the
rod, on making the difcharge, feels a partial thock.
In other words, a perfon, or any conducting fub-
ftance thar is connelted with one fide of a Leyden
phial, but thar forms no part of the circvit, will feel
a kind of fhock, or fome effe@t of the difcharge.
ThUS, if You COI’;I!'JC& a Pie{je of a chain with the
olutﬁde of a jar, or place it very near the jar; then
difcharge the Jar through another circuit, as for in»
ftance, by means of a common difcharging rod;

on
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on making the difcharge in the dark, (parks will be
feen between the links of the chain, a!lo between the
chain and the.jar; which fhews that the eleéric fluid
of the chain is affe@ed by the proximity of the jar.
1f this chain be infulated, it will be found, after the
difcharge of the jar; not to be eleftrified + hence
Dr. Prieftley (who firft defcribed this effeét out of
the cifcuit, and to which be gave the nawie of lateral
explofion) thinks that this lateral fpark flies from the
coating of the jar to the chain, and nftantly returns
to the former.

Thus far I have defcribed fuch experiments as
thew the cffeds or the power of charged elecirics;
and which may be moltly peiformed with a fingle
jar. That power may be fhewn in a much mere
furprifing manner by the ufe of a large battery;
but the management of fuch battery being fimilar
to that of a fingle jar, it is needlefs to give any par+
ticular directions refpedting the ufe of the fame.
We ihay only obferve, by way of precaution, that
more care and attention is required in the m.anage=
mernt of a large battery, lelt the fhock, which might

& very hurtful, thould unexpeétedly pafs through
the operator, or any of the by-ftanders.

After having difcharged a large battery, the ope-=
rator fhould once more apply the dilcharging rod
to the outfide and infide coatings of the barery; fof
arefiduum of the charge generally remains in iraftef
the firft difcharge, which might afterwards give ant
un-:’xpt‘-‘ft-d
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unespected fhock. The fame precautiod may be
extended to a fingle large jar.

I fhall now add fuch experiments as may illuftrate
the theory of the Leyden phial, and the hypothefis
of a fingle eleiric fluid.

Place a coated jar on an infulating ftool, and
with its'knob, not in contaét, but withinan inch of

the prime conduor ; then work the machine, and

after a certain time you will hnd upoa trial, that
the jar is not charged, becanfe its outfide, being
infulated, could not p:u't with its eleflric fluid, and
of courfe 1ts infide could not receive any additional
quantity of it. But ;f you hold the knob of 2 wire

at fuch a diftance from the cutGde coaine of the

Jar, ‘as the'knob of the jar is from the prime con-
ductor ; then, on working the ;';rscl;'.nc, you will
f m the prime
another [park pafles
¢ jar to the knob of
the wire thar is prefented to i;; which {hews that

ﬁnd ti‘nf‘tt whenever a

b,

according as a quant tty of eleftric fluid enters the

= 5 e I U] .
jar, about an equal quantity of the ele@ric fAuid

which belongs to the cutlide leaves that
outfide. In this manner the mes charged.

If in this experiment the fame Auid which ¢

Yes from
the prime condutor to the knob of the jar; came

thfcugh it, and-pafled to the oppofed knob; the jar
could nog poflibly become charged.

Whenp the Jar is charged, if you prefent the

pointed €xtremitics of the difchargis ig rod at a

certain
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certain diftance from the outfide coating and from
the knob of the jar, as thewn in fig. 7, you will
pereeive  (if the experiment be performed in the
dark) both points illuminated, viz. the upper porm
“with a lictle ftar, and the lower, B, with a br ufh of
light, provided the jar has been charged politively
in the infide ;. but if the jar be:charged negatively in
the infide, (viz. by }_:rcfcnt_mg its knob to the neca-
tive conduor) then the flar and the bruth'will be
reverfed, viz. the brafh will iffue from the upper,
and the ftar will appear on the lower, point. By
this means the jar is filenty difcharged.

Difpofe the apparatus as in the above-mentioned
experiment, (p. 4.;3;' with the card; viz. lay a card
upon the tablet E of the univerfal difcharger, fig. 9,
but with this d1fi‘crcmc, thag inftead of laying the
extremities of botl: wires upon the fame fide of
the card, one of them be placed under the card;
then fend a fhock through the faid wires, as in the
above-mentioned experiment, nd it will be found
that the eleftric Auid will run over that furface of

the card, upon which {tands the wire that commu-
nicates with the pofitive fide of the jar; andin order
to pafs to the other wire, it will break a hole through
the card jult over the extremity of that other wire.
Thus let A B, fig. 17, Platce XXIIL reprefent a
' feftion of the card; Cand D the-extremities of the
wires laid upon the oppofite furfaces of the cards
then, if the wire D be connected with. the pgﬁuve

fide of the jar, on making the difcharge the clectric
r fluid
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fluid will run over the card from D'to E, and at E
it will break a hole and pafs to the wire C, whicl
communicates with the negative fide of the jar; but
if the wire C be conneéted with the pofitive fide of
the jar, then, on making the difcharge, the eleric
fluid will run along the furface of the card from C
to F, and at F it will break a hole ‘and pafs to the
wire D, : 3

The courfe of the eleétric fluid in this experi-
ment may be feen either by the luminous track, if
the experiment be performed in the dark, or by
previoufly painting the card on both fides with
vermillion and gum-water ; for the paffage of the
elettric fluid will leave a pcrmanént dark track
upon it. :

Take a fmall coated phial, and by breathing upon
its external uncoated part, render that part flightly
damp ; then holding it by its outlide, prefent its
knob to the prime conductor, while the machine is
in aion, and you will find that, after the phial has
rtcei\'«'ed a fmall chargé, a beawtiful brufh of rays
will proceed from the cork, which, after going a
litdle way into the air, bends its courfe towards the
outfide coating of the phial. If the phial be charg-
ed negatively in the infide (vize if its knob be
prefented to the infulated rubber), then the lumi-
nous bruth will iffue from the outfide coating, and
will proceed towards the cork ‘or wire of the phial.
In this experiment the outfide of the phial muft be

VOL. Tiy; & EL damped
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damped to a certain degree, which experience only
can teach.

Remove the circular board E from the univerfal
difcharger, fig. 9; fix the wires DC, D C, fo
that their knobs Dy D, may be about two inches
alunder, and upon the focket F fix a piece of wax-~
taper lighted, fo that its flame may be midway be-
tween the two knobs D, D. This done, if you
connect, by means of a chain or otherwife, the out-
fide of a charged Leyden phial with one of the
wires C, and bring the knob of the phial to the
other wiré¢ C, you will obferve that on making the
difcharge, which mult pafs from one of the knobs
D to the other, the flame of the wax:taper is always
driven in the direftion of the eleftric fluid ; that is,
it will be blown upon the knob of that wire which
communicates with the negative fide of the phial.

In this experiment the phial muft have a {mall.
charge, which experience will prefently determine.
With high charges the experiment does not fucceed,
becaule the charge paffes too fuddenly, and like-
wife becaufe on approaching the phial to the wire,
a confiderable electrical atmolphere is formed
round the knob of that wire, which difturbs the
flame, &c.

If -a Leyden phial be clofely ftopped, and a par-
row and open tube, containing a drop of water, be
pafled ‘through and cemented into its cork, it is

evident that if the air within the jar be at all rarefied
or
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or condenfed, the drop of water within the tube
muft be moved from its place. Now on charging
this phial either pofitively or negatively in the in-
fide, the water within the narrow tube will not be
moved from its place ; which fhews that the charge
does by no means difplace the air. “Nor will the
water be moved on making the difcharge, unlefs a
{fpark happens between the infide coating and the
wire, or between the various parts of the infide
coaring ; for a fpark always rarefies a little and dif~
places the air.

Take a naked phial, and for a coating on the
outfide ftick a piece of tin-foil with a little wax, fo
that it may juft adhere to the glafs ; and for an infide
coating ufe fmall leaden thot, or quickfilver ; laftly,
infert a wire into the phial. ‘This done, hold the
phial, thus coated, by its outfide, and charge it in the
ufual manner. When charged, turn it upfide down,
and pour its contents into an infulated cup for ex-
amination ; alfo remove the outfide coating. By
this operation the phial does not lofe its charge, and
if the quickfilver or the fhot which formed the in-
fide coating.be examined by means of an electro-
meter, it will be found flightly eleCirified, viz. as
much as any other like infulated .conductor that has
been in contaé with the prime condu&or. Pour
the fame fhot or quickfilver, or elfe fome other
quickfilver apain into the phial, and replace the
outfide coating ; then touch the outlide cnating‘with
one hand, and the infide with the other hand; by

EL 2 means,
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mears of a wire, &c. and you will feel a fhock,
which will convince you that the phial had not loft
its charge, and will at the fame time prove that the
charge does not refide in the coating.

The illuftration which the preceding experiments
afford t6 the theory of a fingle eleétric fluid is fo
obvious as to require no farther explanation. A
vaft number of other experiments with the Leyden
phial might now be added, which, however, are in
general only variations of thofe which we have al-
ready defcribed. The inquifitive reader may find
abundance of fuch experiments defcribed by the nu-
merous writers on ele&ricity.



CHAZP, VIL

OF THE VARIOUS SOURCES OF ELECTRICITY.

ITHERTO we have taken notice of one

mode of producing electricity, namely, by
means of friGion ; and Have fated its properties,
together with its moft rational theory. But elec-
tricity is alfo produced by other ‘means, which
remain to be defcribed, and which indeed are in-
timately concerned in feveral grand natural pro-
ceffes,

There is hardly an operation of nature which does
not produce fome eleétricity, or with which eleétri-
City does not feem to be in fome meafure concern-
ed.. Probably all the different produétions of elec-
tricity follow one general law ; however, for the
fak_e of perfpicuity it will be neceffary to {pecify thofe .
various fources, befides friction, and to reduce them
to the following fpecics.

I. Elericity is produced by the melting or by
the coagulation after liquefaétion, of certain fub-
ftances,

9. Itmas Produced by merely heating or cooling
fome particular bogjes.
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3. It is produced by evaporation and by the con-
denfation of vapour.

4. It is to be found 1n the atmofphere at all times
more or lefs,

5. It is yielded by certain animals ; and, lattly,

6. It is produced by the mere conta&, or by the
" natural aétion of certain conduéling bodies upon
each other.

We fhall defcribe thofe different fources of elec-
tricity in the following chapters; comprehending
the firft three under the title of elefFricity produced
by melting, beaiing, covling, and evaporation ; the 4th
under the title of atmofpberical elefricity; the gth
under the name of ammal eleffricity ; and the lafk
under the appellation of Galvanifin.

But previous to this it will be necelfary to deferibe,
in the prefent chapter, the principal methods that
have been contrived for difcovering the prefence,
and for afcertaining the quality, of very {mall quan-
tities of elefricity; for fometimes thé ele@ricity,
which is produced by the above-mentioned fources,
is fo very fmall as to require the utmoft attention
and mechanical contrivance on the part of the phi-
lofopher,

The aclion of ele@tric atmofpheres is the prin-
ciple which has furnifhed the methods of manifeft-
ing the prefence of fmall quantities of eleétricitys
viz. of fuch quantities as of themfelves could not
affect an ele@rometer fenfibly.

Let an eleGrometeér be afixed to an infulif‘-’_d
: metallic




OF the warious Sources of ElefZricity. 423

metallic plate. Communicate fome eleftricity to
this ‘plate, and the eletrometer will diverge. In
this frate bring the plate near a conductor not infu-
lated, and you will find that the eleftrometer col-
laples in proportion as you approach the ‘plate-to
the uninfulated dondu&or. Remove the ele@rified
plate, ‘and the eleGrometer will again diverge to_its
former degree very nearly ; which thews that by the
vicinity of the uninfulated condufting body, which
could 'czxﬁiy acquire the contrary electricity, the in=
tenfity of the electricity in the clectrified plate was
diminithed ; or, which is the fame thing, that the
capacity of that plate for containing elericity was
increafed, becaufe in that fituation a greater quan-
tity of eleCtricity muft be communicated to the plate,
in order to raife the ele@trometer to the fame height
as when the plate is not oppofed to an uninfulated

conduétor, :
It eafily follows, that according as the conduétor
which is oppofed is larger or fmaller, and alfo as it
is nearer or farther, fo the capacity of the plate may-
be increafed more or lefs. :
Now if there be a fource of ele@ricity which,
when communicated to an eleétrometer, is too weak
to affeft i¢; let an ample infulated plate be fituated
very near another plate not infulated, and in that
ftate let the former plate communicate with the
body which furnifhes the wedk ejc&ricity ; and the
plate o fituared will acquire a confiderable quantity
of that clectricity, which, whilft this plate is oppofed
EE 4 4 to
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to the other, will not affe& the eleGrometer; but
if afterwards the receiving plate be removed from
the vicinity of the other plate, its capacity for con-
taining electricity will be diminifhed, and of courfe
the abforbed electricity will appear much ftronger
upon its furface, &c.—Such a receiving plate was
€alled a condenfer by Mr. Volta.

Farther, it muft be remarked that whep a body is
electrified, if an infulated plate be brought near it,
and in that flate be touched, for inltance, with a
finger, the plate will thereby acquire the contrary
electricity. Now remove the finger, alio remove
the plate, and give its electricity to an infulated
body, as to an ele@trometer, by, touching it with
that plate ; then repeat the operation, viz. bring the
fame plate near the original eleétrified body, and

- touch it, by which means you can commun;cate to
it as much elericity as before, which may alfo be
communicafed to the fame electrometer ; and thus
by degrees the ele@trometer will be caufed to di=
verge fufficiently ; whereas the mere conta@ of the
original cledrified body might not be nearly fuffi-
cient to affet it fenfibly. In this cafe the eleéri-
city which is communicared to the ele(trometer is
evidently contrary to that of the original eleétrified
body ; viz. it will be pofitive if that was neoatwe,
and wice ver/a.

Upon this principle the ele@rophorus acts *

« See my Treatife on El"ﬂnmty 4th edition, vol. H
p- 49, and following ; alfo P- 244, and following,

and
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and upon this principle feveral machines have been
contrived for rendering manifeft 2 fmall quantity of
cleClricity *.

Before the year 1795, I contrived a machine for
this purpofe, to which, by wayof diftinion, I gave
the name of Multivlier of Eleflricity, and which,
after long ufe, feems (if the partiaiity for my own
contrivance do not deceive me) to anfwer the pur-
poit in a manner more commodious and much lefs
equivocal than any other inftrument of the kind.
This machine is delineated in Plate XXIIL fig. 19,
which 1s about one-third of the real fize.

QRS is the bottom board; upon which are
{teadily fixed on the glafs fticks H, G, two fat
brafs plates, A and C. B'is a fimilar brafs plate
fupported by a glafs ftick I, which i1s cemented into
a hole made in the wooden lever KL.. This lever
moves round a.fteady pin or axis K, which is
ferewed tight in the bottom board, By moving this

# Nr, Bennet’s Doubler is an ingenious contrivance for
the purpofe of manifeftlng very fmall quantities of cledtri-
City, which a&s upon the above-mentioned principle. It
Was afterwards improved by Mr. Nicholfon, But in all its
ftates ip i apt to contract a Certain permanent eleCricity,
which renders jts effect equivocal in moft cafes. See the
Philofophicy] Tranfaltions, vol. 77 and 78; alfo iny Treatife
on ‘Elc&riciry’ 4th edition, vol. IIL p. 76, and following,

Sec Mr. Volta’s Method in the Phil. Tranf, vol. 72, or
in my “Treatife as above, vol, 1. page 244, &c, See alfo
vol 1IL. page g1, &e.,

‘ lever
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lever alternately from L. to X, and back again, the

plate B, with the ]cwer, may be placed in the two
fituations, viz, the fitvation LIBK, and that which
is thewn by the dotted rcprefematmn of the fame.
N is a thick brafs wire fixed tight into the bottom
board, O is a crooked wire that proceeds from
the brafs focket on the back of the plate B.

There is likewife a fourth brafs plate D, fimilar
to the others, which is fupported, not by giafs, but
by a wire ; and this wire is fcrewed faft to an oblong
piece of brafs FP, which flides in a groove made
for the nurpofr in the bottom board Q RS ; fo that
by appiyl ing a finger’s nail to the notch at the end
F, ‘the/fli hrg piece F P may be drawn out either
entirely or to a certain length, and of courfe the
plate D will be removed to any required diftance
from the plate C. When F P is pulhed quite
home, the plate D ftands parallel to C, and at
< th ot an inch diftance from it,

The parts of this inftrument are fo adjufted, as
that when the lever is in the fituation of the fhaded
part of the figure, viz. is puthed as far as it can go
towards Q, then the plate B comes parallel to the .
plate A, and at about .*, th of an inch diftance from
it. At the fame time the extremity of the wire O m
juft touches the fixed wire N, and of courfe rendeis
the plate }-J upinfulated.  But as foon as the lever
begins to move towards S, the communication of
the plate B with the wire N, or with the ground,
is interrupted, and. B remains infulated, When the

3 lever
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lever bas been moved as faras it can go towards S, the
wire s comes in contad with the plate C, as is {hewn
by the dotted part of the figure. = Then the two
plates B and C communicate with each other, but
they are otherwife infulated.

When this inftrument is fituated in the manner
which is indicated by the fhaded part of the figure, |
the plate A has its capacity for eleCtricity increafed
by the proximity of the uniafulated plate B : hence
A, if it be caufed to toucha body weakly eleftrified,
vill acquire a greater quantity of eleCtricity from it

than it would otherwife do.. Now fuppofe that A

{tance, pofitive (fince by changing the words pofi-
tive for negative, and vice verfa, the following expla-
nation is applicable to the cafe in which A-1s elec-
trified negatively); then B will acquire the nega-
tive ele@ricity. On moving the lever L, the com-
munication between B and the ground, or the wire N,
is difcontinued, and B remains infulated and ele¢lri-
fied negatively, With this electricity B- is carried
towards C, undil the wire # touches the plate C,
and then the negative eleétricity of B will pafs al-
moft entirely to C, becaufe the capacity of C -for
holding ele@ricity is confiderably increafed by the
Proximity of the uninfulated plate D.  If after this
the lever be moved back to its firft fituation, B will
be made negative a fecond time as before; and by
P:“ﬂlinfs; the lever again towards S, that fecond
charge of negative eletricity will be communicated

from




428 Of the various Sources of Elettricity,
frem B to C. And thus by repeating the operation,
which confifts in merely moving the lever alternately
fromLtoX,and fromX toL, a confiderable quantiry
of eleétricity will be accumulared upon C. Thenifthe
fliding piece FP be drawn out about one inch, the
plate D will, of courfe, be removed as much from
C: hence the capacity of C will be much dimi-
nifbed. Therefore, if an eleGtrometer be brought
into contact with it, the negative electricity, (viz.
the electricity contrary to that of the original elec-
trified body in queftion), will be manifefted; whereas
the eleétricity originally communicated to the plate
A could perhaps not have affeted an eletrometer
in any fenfible degree,

The principal caufe which renders this inftru-
ment certain in its effects, is, that all the refiduum
of eleétricity which can remain upon the plate A
after the performance of an experiment, and after
having touched that plate, is too inconfiderable ta
induce a contrary eletricity in B; the elettricity
which is originally communicated to A, being not

increafed upon it in the courfe of the experi-
ment *, '

* For fa-ther particulars relative to this inffrument fee
my Treatife on Electricity, 4th edition, vol. I1I. page g8,
and following,
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CHAP VIL

OF THE ELECTRICITY WHICH IS PRODUCED: BY
MEANS OF MELTING, HEATING, COGLING, AND
EVAPORATION. ;

IF fulphur be melted in an earthen veffel, and the
whole be left to cool upon conduflors ; and if
afterwards the fulphur, when cold, be taken out of
the veflel, it will be found ftrongly electrical; but
not at all fo if it be left to cool upon electrics.

If fulphur be melted in a glafs veffel, and be left
to cool, both the glafs and the fulphur will acquire
a ftrong elericity; the former pofitive and the
latter negative ; and that will be the cafe whether
they be left to cool upon eleétrics or upon con-
ductors.

If melted fulphur be poured into a veffel of
- baked wood, if will acquire the negative, and the
wood ‘the pofitive, electricity ; but if it be poured:
into fulphur, or rough glafs, it will acquire no fen-
fible degree of eledtricity.

Melted
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Melted fulphur poured into a metal cup, and
there left to cool, fhews no figns of electricity
whilft ftanding in the cup; but if they be feparated,
then they will both appear firongly ele&rified, the
fulphur pofitive, and the cup ncgatn-‘t‘. If the {ul-

phur be replaced in the cup, eve n of electri-

r “D
city will vanith ; but if, whilft i‘t‘pamte, the eleétri-
city either of the cup or of the fulphur be taken
off; then on being replaced they both will appear
pofiefled of that eletricity which has not been taken
off, '

Melted wax, being poured into glafs or wood,
acquires the negauve ele€tricity, and the glafs or
wood becomes pofitive, But fealing-wax, poured
into a‘fulphur veflel, acquires the pofirive elecri-
city, and leaves the fulphur negative.

Chocolate frefh from the mill, as it cools in the
tin pans in which it is received, becomes ftrongly
electrical. "'When turned ouc of the pans, it re-
tains this property during a certain time, but lofes
it prefently’ by handling. By melting it again in
an iron-ladle, and pouring it into the tin pans as at
firll, you may renew its pOwer once or twice ; but
when the mafs becomes very dry and powdery in
the ladle, the ele@ricity is no lopger revived by
fimple melting; but if then a little olive oil be
added, and be mixed well with the chocolate in
the ladle, and be afterwards poured into the tin
pans; as at firlt, it will be found to h;ws completely
recovered
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recovered its eleCtrical power, which continues &
confiderable time *.

The property of becoming ele@rified merely by
beating or cooling, was firft ebferved in, and is
eminently pofiefled by, an hard peilucid frone called
tourmalin, which is generally of a deep red; or pur-
ple, or brown colour; which feldom, if ever, exceeds
the fize of a {mall walnut ; and which is found in {e~
veral parts of the Eaft Indies, efpecially in the ifland
of Ceylon; but on farther examination it has been
found that {everal other precioys ftenes, and efpe-
cially the BErafilian emerald, poflefs the like proper-
ties more or lefs : hence the following particulars,
which have been principally obferved with the tour~
malin, muft be underftood to belong likewife to
moft other precious ftones.

1. The tourmalin, while kept in the fame tem-
perature, fhews no figns of cleétricity; but it wiii

* Refinous or eleaginous eleftrics, when once excited,
retain their ele@ric power for a very confiderable time,
fometimes for feveral days. *But that power gradually di-
minifhes, and at laft vanithes; nor do we know of any
eleCiric which retains the elediric virtue as permanently as
the Magnet retains its magnetic power.

When a flick of glafs, or of fulphur, and efpecially of
i‘e:.!'mg-wax’ is broken into two pieces, the extrernitics
which were contiguous, will generally be found electrified,
one pofitive and the other negative. ‘This is probably oc-
cafioned by the rufhing in of the air, which may produce a
flight friction,

become
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become electrical by increafing or diminithing its
heat, and ftronger in the latter circumftance than in
the former. A very trifling alteration of temper-
ature is often fufficient to produce the effect,

2. Its eletricity does not appear all over its fur-
face, but bnl}f on two eppofite fides of it, which
may be called its poles, and which always are in one
right line with the centre of the ftone, and in the
direction of its ftrata; in which direction the ftone
is abfolutely opaque, though in the o:her it 15 femi-
tranfparent.

3- Whillt the tourmalin is heating, one of its
fides (call it A) is electrified plus, or pofitive, and
the other, B, minus; but when cooling, A 'is
minus, and B is plus. Hence, if one fide of the
ftone is heating, whiift the other is cooling, then
both fides will acquire the fame eleétricity ; or if
one fide only changes its temperature, then that fide
only will appear electrified.

4. If this ftone be heated, and fuffered to cool
without either of its {ides being touched, then A will
appear politive, and B negative, all the time of its
heating and cooling.

5. This flone. may be esxcited by means of
fiition like any other eledtric, and either of its fides,
or both, may be rendered pofitive.

6. If the tourmalin be heared or cooled upon
fome other infulated body, that body will be found
ele@rified as well as the ftone; but it will be found
}):.ﬁ'éﬂc"i
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poflefled of the elericity contrary to that of the
contiguous fide of the ffone.

7. The ele@ricity of either fide, or of both, may
be reverfed by heating or cooling the tourmalin in
contat with various fubftances, fuch as the palm
of the hand, a piece of metal, &c.

8. Thofe properties of the tourmalin are alio
obfervable in vacuo, but not fo ftrong as in the
open air,

g. Ifa tourmalin be cut into_ feveral parts, each
piece will have its pofitive and negative poles, cors
refponding to the politive and negative fides of the
original ftone.

1o0. If this ftone be covered all over with {fome
eleGric fubftance, fuch as fealing-wax, oil, &c. it
will in general thew the fame properties as with-
out it.

r1. A vivid light appears upon the tourmalin,
whillt heating in the dark, and by a hutle attention
ohe may be eafily enabled by this light to diftin<
guith which fide of the ftone is pofitive, and which
negative., Sometimes, when the ftone is ftrongly
excited, pretty ftrong flathes may be feen in the
dark, to go from the polfitive to the negative fide
of it, .

12. Laftly, it has been found that with refpect
o the elediric properties, the tourmalin is fome-
times injured by the action of a ftrong fire, at other
TmEs IS improyed, and fometimes is not at all al-
tered by it.

VOLs III. ' Py The
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“The evaporation of water; as alfo of fome othe?
fluids, produces eleltricity, viz, thofe bodies from
which the water has departed, will remain in a ne-
gative {tate of eledricity,. indicating that the water
by 1ts converfion into vapour has its capacity for
the clectric Avid increafed, as it has its capacity in-
ereafed for containing heat*. But though the effe&
is.in general fuch as has been mentioned abave, yet
there are two exceptions which invelve the fubject
in fome difficulty, and which will require farther ex-
periments and confideration.

The exceptions ate, 1ft, that if water be evapo-
rated by being put in contact with a red-hat piece
or picces of very rufty iron, it will leave the iron
electrified pofitively ; whereas; if the iren be not
rufty, the evaporation of the water from its furface
will leave it electrified negatively . 2dly, If water

vl

be evaporated by throwing into it impure red-hot

lafs (duch as the green glals of common bottles)

4o

the vellel, or the remaining water, will be ele@ri-
fied pofitively t.

* Mr. Volta, who made this remarkable difcovery, like-
wile obferved, that the fimple combuftion of coals, as alfo the
effervefcence of iron filings and diluted fulphuric acid produce
the fame effect ;, which:is, in all probability, owing to the
evaporation which attends thofe proceiles.

1 See Jof. Gardenii Differt. de EleGrici ignis naturay
p- 124

| See my Treatife on Elelricity, 4th edition, vol. 1L

Py 2740 Fhis
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This curious production of eletricity by evapo-
tation, as alfo the produflion of cleétricity by the
condenfation of vapour, may be eafily obferved in
the following manner :

Place a metallic cup; or a pewter plate, upon an
infulating ftand, and conneét a fenfible electrometer
with it. Alfo place one or two lighted coals in the
cup or plate ; then pour a lictle water at once upon
the coal or coals, which will produce a quick eva-
poration, accompanied with a great hifling noife,
and at the fame time the eleGrometer will diverge
with negative eleCtricity.

If the fteam, which iflues copioufly from water
quickly boiling, be received under a pretty large
and infulated metallic plate, that plate, by the con-
denfation of the fteam upon ity will be electrified
pofitively, as may be afcertained merely by con-
necting a fenfible elettrometer with it.

On throwing a varicty of other fubftances upon
attually burning, or only hot and infulated, coals,
the coals, &c. either thewed negative electricity, or
no eleftricity atall. Either fpirit of wine, or ether
when thus treated, lefothe coals negative; butify
{the coals being fufficiently hot) the {pirit of wine
or the ether took fire, and burned in their ufual
Ways then no cle@ricity was produced.

FF2




CHAP,. IX

ATMOSPHERICAL ELECTRICITY.

HE memorable year 1752 produced the re-
T markable difcovery of the identity of light-
ning and eleétricity, which, previous to that year,
had only been fufpected by philofophers.

The fimilarity of lightning to artificial eletricity
is not to be remarked in a few appearances ouly,
but is obfervable throughout all their numerous
effeCts ; and there is not a fingle phenomenon of
the one, which may not be imitated by the other.
Lightning deftroys edifices, animals, trees, &C.-—
Lightning goes through the beft conduétors in its
way ; and if its paffage be obfiruéted by eletrics,
or lefs perfect conductors, it rends and difperfes
them in every diretion ; = lightning burns com-
buftible bodies ;——it melts metals ;—a ftroke of
lightning often difturbs the virtue of a magnet, and
gives polarity to ferruginous fubftances; and all
thefe effe@s may be produced upon a much fmaller
fcale by means of artificial elefricity. But inde-

pendent of the great fimilarity between the effects
of
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of lightning and thofe of elettricity, what fully
proves their identity, is, that the matter of lightning
may be aftually brought down from the clouds by
means of infulated metailic rods, or of eleétrical
Kites, and with ir any known electrical experiment
may be performed.

Clouds, as well as the rain, fnow, and hail, which
fall from them, alfo fogs, are almoft always electri-
fied, but oftener negatively. than pofitively ; and the
lightning, accompanied with the thunder, is the
cffe& of the eletricity, which, darting from a
cloud, or a number of clouds highly clectrified,
ftrikes into another cloud, or elfe upon terreftrial
objedts ; in which cafe it prefers the loftieft; moft
pointed, and beft conduting objeéts ; and by this
ftroke it produces all thofe dreadful effets, which
are known to be produced by lightning.

The air, at fome diftance from houfes, trees,
mafts of fhips, &c. is generally electrified almoft
always pofitively, efpecially in frofty, clear, or foggy
weather ; but how the air, the fogs, and the clouds
become electrified, has not yet been fully and clear-
ly afcerrained. The moft probable conjecture is
grounded upon the effects of the evaporaﬁicm of wa-
tery fluids, and the condenfation of vapour ; but we
fhall in the firft place defcribe the inftruments. that
+ are moft ufefy] for difcovering this electricity ; then
fhall ftate the principal faéts which have been ob-
ferved with refpet to this atmofpherical eleétricitys
and fhall, laftly, fubjoin the moft plaufible explana-

FF3 tion,
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tion, together with the advantage which is derived -

" from the knowledge of the fubject.

My ele@trometer in a phial, which has been al-
ready defcribed (p. 392) is the beft portable inftru-
ment for this purpofe ; for if you hold this eleétro-
meter by its lower part, and raife it juft above the
level of your head in the open air, when the air is
ftrongly electrified, or in a fog, or when ele@rified
clouds are over head, and {fometimes even when
they are a little way above the horizon; the diver-
gency of the eleGtrometer will announce the pre-
ence of ele@ricity, and by the approach of an ex-
cited ftick of fealing-wax, or of any other ¢leétric,
you may ealily determine whether the eleékricity be
politive or negative ; obferving that the elecricity
of the elefrometer in this cafe is the contrary of that
of the clouds or fog: butif the eleétrometer be elec-
trified by the rain, or fnow, or hail, falling uponiit ;
then the eleCricity of the rain, &c. is the fame as
that of the electrometer; for in the latter cafe the
eletrometer is electrified by the contaét, butia the
former cafe it is eleétrified by the action of electric

- atmofphere. -See pages 353 and 359.

When the eleé&ricity of the air is not {o ftrong as
to be difcovered by this inftrument, then an eleétro-

meter mul be extended farther out into the air.

For this purpofe I have long ufed the following moft
commodious inftrument or azmofpherical eleétro-
meters

A B, fig, 18, Plate XXIII. is a common jointed
fifhing-
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ﬁﬂﬁwg«rad:, wanting the laft or fmalleft joint. From
the extremity of this rod proceeds a flender glafs
tube or glafs ftick C, which is covered with fealing-
wax, and bas a cork D at its estremity, to which a
cork-ball ele@rometer, E, is fufpended. HGI iz a
piece of common pack-thread, faftened to the rod
at A, and fupported at G by a fhort firing FG.
At the extremity I of the pack-thread, 2 pin, or
pointed wire, is faftened, which when pufhed into
the corkk I, renders the cleCtrometer IT uninfu-
lated.

When I with to obferve the eleétricity of the at-
mofphere with this inftrament, I thruft the pin L into
the cork D, and holding the rod by its lower end A,
1 proje& it out from an upper window, raifing the
end B with the eleftrometer, fo as to make an angle
of about go® or 60°, with the horizon. In this
fitvation 1 keep the inftrument for a few fecondss
then pulling the pack-thread at H, I difengage the
pin from the cork D ; which operation caufes the
ftring to drop in the dotted fituation HK, and
leaves the ele@rometer poffeffed of the ele@ricity
contrary to that-of the atmofphere.-~—This done, ¥
draw the inftrument within the room, ‘and’examine
the quality of the eleétricity, without any obftrudtion
cither from wind or darknefs.

If ‘any perfon wifh to obferve the electricity of
the rain, he may either occafionally ufc, or have als
ways tixcd, arod or an aﬂ“cmblagc of wires round
a rod covered wich {ealing-wax, cemented into @

FF 4 glafs
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glafs tube, by which it may be either held in the
hand occafionally, or may be permanently fixed
within a room, and projecting; about two or three
feet out of a window ; for which purpofe either the
window muft be opened occafionally, or the rod
muft pafs through a hole fufficiently large. To
that end of this rod which is within the room, an
eleGtrometer muft be attached, and it will fre=
quently happen, that when it rains, and the rain
falls upon the projecting part of the rod, the elec-
trometer at its internal extremity is electrified.

But an infulated wooden rod, with a wire round it,
and projecting about 15 or 16 feet above the houfe,
will anfwer every purpofe; for a wire proceeding
from this rod may be made to communicate with
an eleCtrometer within the room, where the intenfity
as well as the quality of the eleétricity may be ob-
ferved. Such a rod however is very dangercus in
time of a thunder ftorm. In order to avoid the
danger, a conduéting communication, viz, a ball
of bras fhould be placed at about two inches
diftance from the rod, and a thick wire {hould be
carried from this ball to the ground or to the pump,
&c, m ordet that if a large quantity of elericity
from a cloud firike the rod, that elettricity may be
conveyed by the wire to’the ground, without hurts
ing the by-ftanders®, When

* For the conftrution of fuch a rad, fee Mr. J. Read’s
"
Summary View of the [pontangous Electricity of the Earth

and Atmofphere,  London 1793, T
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When the ele@ricity of the air, or rain, &c. is
too weak to be dilcovered by thofe inftruments,
then my multiplier may, be ufed in conjunction with
any of them; or the ele@ricity of the atmofphere
may be difcovered by means of an eleftrical kite;
which is nothing more than a common paper Kite,
fuch as is ufed by children, only having a firing
which is rendered a better conduétor by having a
flender wire through it. The paper of the Kite
fhould likew:fe be covered with drying linfeed oil;
in order to defend it from the rain.

A kite of about four feet in height is the moft
commodious for this purpofe. The firing is the
moft material part of this apparatus; for according
as the ftring is longer or fhorter, a better or a worfe
conductor, fo is the electricity which is brought
down by it ftronger or weaker. The kite only
ferves to keep the ftring up into the atmofphere.
After a variety of trials the beft ftring proved to be
one which I made by twifting 2 copper thread, (viz.
fuch as is ufed for trimmings, &c. in imitation of
gold thread, which is nothing more than filk or liven
thread covered over with a thin lamina of copper)
with two wery thin threads of twine,

When the kite is flying, the lower patt of the
ftring mut be infulated by means of 2 filk ftring of
about two or three feet in length, or by meansofa

The famous Fr. Beccaria ufed 2 long chord extended in
the atmofphere between two houfess  See his Elericity.
e : : glafs
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glafs flick, &c.; then at the lewer extremity of the
firing you may not only ele@rify an eleétrometer,
but you may alfo draw fparks, or charge a Leyden
phial, &c. and that at every hour of the day or
night, and at all times of the year, and will feldom
fail. The reader is requefted to obferve and to
remember, that this Kite is dangeroug quI‘iﬂg a
ftorm.

It appears, 1, That there is in the atmofphere, at
all times, a quantity of ele@ricicy ; for whenever [
ufe the above-deferibed fithing-rod-eleStrometer in
an open fituation, it always acquires fome ele@ri-

city, and that eletricity is always of the fame kind,

viz. negative; which fhews that the eleCiricity of
the air or of fogs, is almoft always pofitive, ex-
cept when the inftrument is influenced by clouds
near r.hc zenith.

2. That the ftrongeft electricity is obfervable ; in
thick fogs, and likewife in frofty weather; but the
weakell, when the weather is cloudy, warm, and
very near raining ; but it does not feem to be lefs
at night than in the day time,

3- Thatin a more elevated place the eleGtricity
1s generally ftronger than in a lower one. T'hus I
have often obferved the ele@trometer to diverge
more in the iron than in the flone gallery on the
outfide of the cupola of St, Paul’s cathedral.

4. ’I‘ha; the rain, fnow, and-hail, are more-or
lefs, but almoft always eleCtrificd, much more
. frequently
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frequently with negative than with pofitive elec-
tricicy.

After a vaft number of experiments with eleétri=
cal kites during upwards of two years, 1 was enabled
to form the following conclufions:

1. The air appears to be electrified at all times 3
its ele€lricity is conftantly pofitive, whether by day
or night, and much ftronger in {rofty than in warm
weather. My experiments have been made in every
degree of temperature between 1§ and 8ce.

2. The prefence of clouds. generally leflens the
electricity of the kite; fometimes it has no effect
upon it, and feldom increales it.

3. During rain the electricity of the kite is gene-
rally negative, and feldom pofitive.

4. The aurora borealis, or northern light, does
not appear to affect the elecricity of the kite.

. The fpark taken from the {tring of the kite,
or from any infulated conduétor which is connected
with it, efpecially when it does not rain, is very lel-
dom longer than a quarter of an inch ; but it is re-

narkably pungent; fo that the operator will fre-
quently feel the effe@ of it even in his legs; it
appearing more like the dilcharge of an eleétric jar
than Jike the {park which is taken from the prime
conduétor of an eledirical machine,

6. The cle@ricity which is brought down by the
firing of the kite is, upon the whole, {tronger or
weaker, according as the ftring 1s longer or fhorter s
put it does not keep any exat proportion toits for

‘ inftance,
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inftance, the ele@ricity from a ftring of an x00 yards
may raile the index of a quadrant ele@rometer 207,
whereas with double that length of firing the index
will not rife higher than about 2¢°,

7+ When the weather is damp, and the eleétricity
is pretty ftrong, the index of the electrometer, after
taking a fpark from the ftring, or prefenting the
knob of a coated phial to it, rifes wich {urprifing
quickncfs to its ufual degree ; but in dry and warm
weather, it rifes remarkably flowly.

Afrer the difeovery of the identity of electricity
and the matter of lightning, as alfo of the conflant
exiltence of electricity in the atmofphere, philofo-
phers endeavoured to attribute fome other atmof:
pherical and even terreftrial phenomena to the agen-
ey of eleétricity. ~ Thus the accenfions, commonly
called faliing fiars or Shooting fRars ; meteors, watep-
{pouts, hurricanes, whirlwinds, &c. have been con-
fidered by feveral perfons as being eleétrical pheno-
mena; but of this we have no pofitive proofs,

The aurora borealis, or northern light, feems moft
kkely to be an eletrical phenomenon ; and this on
EWO accounts, viz. firlt becaufe a magnetic needle
appearsa litde difturbed at the time of a ftrong au-
¥ora horealis ; and fecondly, becaufe the aurora bo.
realis may be partly imirated by means of artificial
clc&ricity ik

Take

* The qurora™ berealis is a phenomenon pretty well
known to the prefent generation throughout Europe at leaft:
It
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Take a glafs phial nearly of the fhape and fize
of a Florence flafk ; fix a ftop-cock, or a vaive to its
neck, and exhauft it as much 23 you can by meatis
of a good air-pump. If then this glafs be rubbed
after the manner commonly ufed for exciting elec-
trics, it will appear luminous within, being full of a
flathing light, which plainly refembles the aurora bo-
realis. This phial may alfo be rendered luminous,
if, holding it by either end, you bring its other end
to the prime conductor; in this cafe all the cavity
of the glafs will inftantly appear full of light, which
may be feen flathing in it for a confiderable time
after it has been removed from the prime conduc-
tor, efpecially-if it be touched with the hand. This
effe@t is eafily deduced from the condulting nature
of the vacuum, and from the charging and difcharg-
ing of the glafs.

The moft plaufible mode of accounting for the
elericity which is conftantly to be obferved in the
atmofphere, and which accornpanies the clouds, the
fogs, the rain, or that of thunder ftorms, is to derive
it from the evaporation of water, and from the con-

It is 3 lambent or flathing light, which confifts of feparatc
corufcations feen at night in fome periods more often than in
other. . They dart quickly from one part of the fky to ano=
ther; they have different intenfities and different tints,
Semetimes thofe corufcations, when firong, are accompanied
with a {ort of crackling noife diftinétly audible, as I remem-
ber to have heard it more than once.

denfation
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denfation of vapours. For thotigh the ele&ricity
which is thus produced, may at firft fight appear
too fmall; yet if we conflider thit thele procefles
are continual ly carried on, both upon the furface of
the earth and in the atmofphere, we may eafily ac-
knowledge the fufficiency of it.

When the vapours depart from the earth, they
carry away a much greater quantity of the eleciric
fluid, than they had when in the form of water, and
which they have derived from the earth. Now if
thofe vapours, as thev alcend' in the atmofphere;
become more rarefied, then, as they have no bodies
at hand from which they can derive the. eletric
fluid, which is required for their increafed capacity,
they muft appear electrified negatively. On the
conrrary, if thofe vapours are condenfed, then their
capacity for the eletric fuid being diminithed, they
muft appear electrified pofitively.. Befides, a cloud
highly electrifiecd may eafily induce the contrary
eleCtricity in another contiguous cloud. From thofe
caufes a variety of particular accumulations of pofi-
tive or negative electricity, or of changes from the
one to the other may be calily conceived, apparently
fufficient to account for the phenomena of atmof] phe=
rical elettriciry.

One of the greateft advantages which mankind
has derived from the I\nowlcdce of this branch of
philofophy, is a defence for houfes, fhips, &c. againit
the fatal effets of the lightning, It was propoled
by Dr. Franklin to eret an iren rod, or a wire of

> any
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any metal on the top of a houfe, and to carry the
communication by means of good condultors of
ele@ricity, from that rod down to the ground ; for
fince the lightning generally flrikes the moft ele-
vated conduftors, through which it paffes to the
earth, it was nataral to fuppofe that the houfe thus
furnithed with a condu&or, would be defended from
the pernicious effects of lightaing. = This wife pro-
pofal was gernerally adopted, and its ufefulnefs has
been confirmed by innumerable cales, efpecially in
warm climates, which are much more fubje& to
thunder frorms.

The ufefulnefs of condudtors to defend buildings
from the effets of the lightning, has been univer-
faliy acknowledged ; but the proper form of thofe
conductors, elpecially with refpeét to their terminge
tions, has been the caufe of much controverfy. it
was objected to their having a pointed termiinations
that a pointed body can attraét the electric fluid
from a greater diftance than 2 blunt termination,
and therefore it would invite the lightning where
otherwife the lightning would not go. To this it
was replied,. that though the point will aceradt che
eledtric fluid from a greater diftance, yet it will at-
tra@ it in 2 fiream, viz. by degrees, and not m @
full body as a knob would do; by which means
the force of the lightning will be diminilhed, and
in ceriain cafes a full ftroke may thereby be en-
tirely averied, In fhort, after a great variety of

arguments
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arguments and experiments, the beft conftruction
of fuch conductors feems to be as follows *.

It fhould confift of a rod of iron, or of other
metal, about three quarters of an inch thick, faften-
ed'to the wall of the building, not by iron clemps,
but by wooden enes. - The rod thould be uninter~ -
rupted from the top of the building to the ground ;
or if it confiflt of various pieces, care muft be had
to join the pieces as perfectly as poflible. If this
conduétor flood quite detached from the building,
and fupported by pieces of wood at the diftance of
one or two feet from the wall, it would be better
for common edifices; but it is particularly advife-
able for gun-powder magazines, gun-powder millss
and all fuch buildings as contain combuftibles ready
to take fire. ‘The upper end of the condutor
fhould terminate in one or more fharp points;
which, if the conduétor be of iron, ought to be gilr,
in order to prevent the ruft or the oxigenation,
This fharp end fhould be elevated above the higheft
part of the building (as above a flack of chimnies,
to which it may be faftened) at lealt five or fix
feet. The lower end of the condué&or fhould be

* See what relates to the conductors of lightning in the
Philofophical Tranfations for the year 1777, and ten or
twelve following years; alf fee Earl Stanhope’s Principles
of Ele&ricity, London 1779, and my T'reatife on Electricicy,

4th edition, vol, IL. p. 207, and following.

driven
1
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driven five or fix feer into the ground, and ina
direction leading' from the foundation; or it would
be better to connect it with the neareft piece of
water,

For an edifice of a moderate fize, one of thofe
conductors is perhaps {ufficient; but a large build-
ing ought to have two, or three, or more conductors
at its moft diftant parts. '

On hoard of fhips a chaif has often been ufed on
account of its pliablenefs ; but in feveral cafes the
thain has been actually broken by the lightmag, in
confequence of the obftruction which the electric
fluid meets with in going through the various
links ; hence, infiead of a chain, a copper wire
about one-third part of an inch thick, is now more
commonly ufed. One of thofe wires thould be ele-
vated two or three fect above the higheft maft in
the veflel ; this fhould be contipued down along the
tnaft as far as the deck, where, by bending, it {hould
be adapted to the furface of fuch parts as may be
tnore convenient; and by continuing it down the fide
of the veffel, it thould always be made to commus-
nicate with the water.

With regard to perfonal fecurity in time of a
thunder ftorm, if a perfon be in a houfe which is
not furnifhed with a conduétor, it is advifable not
to ftand ‘near any metallic articles, viz. near gile
frames, cl‘limm:y-gra[m, bell-wires, iron cafements,
and the like, In the middle-of a room, upon adry
chair, or table, or matrafles, or other infulating ar-

VOL. III, &0 ticles,
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ticles, is the fafeft ficvation. Should a frorm happen
, when a perfon is in the open fields, and far from
any building, the beft thing he can do is to retire
within 2 fmall difftance of the higheft tree or trees
he can get at ; he muft not, however, go quite
near them, but he fhould ftop at about fifteen or
twenty feet from their outermoft branches; for if
the lightning happen to {trike about the place, it
will in all probability ftrike the trees in preference
to any other much lower object; and if a tree hap-
pen to be {plit, the perfon will be fafe enough at
that diftance from it.




CHAP.. X

OF ANIMAL ELECTRICITY:

‘ NDER this title we fhall take notice of that
eleftricity only which is produced from the
animal itfelf, in confequence of its particular orga-
nization, and not that which is produced by the
application of metallic fubftances to animals.

Three fithes have hitherto been difcovered to
have, whillt living, the fingular property of giving
thocks analogous to thofe of artificial ele&tricity ;
namely, the torpedo, the gymnitus eleffricus, and the
Slurus eleffricus.  Thofe animals belong to three
different orders of fith ; and the few particulars,
which they {feem to have in common, are the power
of giving the thock; an organ in their bodies, called
the eleftric organ, which is in all probability em-
ployed by thofe animals for the exertion of that
Power ; a fmooth fkin without fcales; and fome
fpots here and there on the furfaces of their bo-
dies.

The torpedo, which belongs to the order of rays;
is a flat fith, very feldom twenty inches long, weigh~
ing not above 3 few pounds when full grown, and is

GG 2 pretty
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pretty common in various parts of the fea-coaft of
Europe. The electric organs of this animal are twor
in number, and are placed one on each fide of the
cranium and gills, reaching from that place as far
4g the femicircular cartilages of each great fin, and
extending longitudinally from the anterior extre-
mity of the animal to the tranfverfe cartilage which
divides the thorax from the abdomen. Fn thofe
places they fill upthe whole thicknels of the animal
from the lower to the upper furface, and are co-
vered by the common fkin of the body, under
which, however, are two thin membranes or fa/fiie,
The length of each organ is fomewhat lefs than
one-third part of the whole length of the animal.
Each organ confifty of perpendicular columns,
reaching from the under to the upper furface of the
body, and varying in length according to the various
thicknefs of the fith in various parts. The number
of thofe columns is not conftant, differing in differ-
ent torpedes, and likewife in different ages of the
animals.  In a very large torpedo, one electric
organ was found to confift of 1182 columns. The
greatefll number of thofe columns are cither irregu-
lar hexagons; or irregular pentagons, but their fi-
sure is by no means conftant, Their diameters-
are generally equal to one-fifth part of an inch*,

% For farther particulars, fee Hunter’s Anatomical Ob=
fervations on the Terpedo, Phil. Tranf. vol. 63.

5 The
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The dbove-mentioned eletric organs feem to be
the only parts employed to produce the fhock *;
the reft of the animal appearing to be merely the
conductor of that fhock, as parts adjacent to the
ele@ric organs ; and, in faft, the animal has been
found to be a condu&or of artificial ele@ricity.
The two great lateral fins, which bound the electric
organs laterally, are the beft conduétors,

If the rorpedo, whillt ftanding in water, or out of
the water, but not infulated, be touched with one
hand, it generally communicates a trembling mo-
tion or flight fhock to the hand; but this fenfation
is felt in the fingers of that hand only. If the tor-
pedo be touched with both hands at the fame time,
one hand being applied to its under, and the other
to its upper, furface, a fhock in that cafe will be
received, which is exacly like that which is ecca-
fioned by the Leyden phial. When the hand
touches the fith on its oppofite furfaces, and juft
over the eleftric organs, then the fhock is the
ftrongeft ; but if the hands be placed upon other
parts of the oppofite furfaces, the fhocks are fome-
what weaker; and no thock at all is felt when the
hands are both placed upon the eleétric organs of the
fame furface ; which fhews that the upper and lower

* The manner in which the ele@ric fuid is accumulated
or generated by thofe organs, is by no means underftood, but
the fubjet of the pexe chapter may probably throw much
light upon it,

' &G 3 furfaces
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{urfaces of the electric organs are in oppofite ftates
of electricity, anfwering to the plus and minus fides
of a Leyden phial. When the fifh is touched by
both hands on the {ame furface, and the hands are
not placed exadtly on the ele@ric organs, a fhock,
though weak, is ftill received; but in this cafe the
oppofite power of the other furface of the animal
feems to be conduéted over the fkin,

The thock which is given by the torpede, when
ftanding in air, is about four times as ftrong as when
ftanding in water ; and when the animal is toyched
on both furfaces by the fame hand, the thumb be-
ing applied to one furface, and the middle. finges
to the oppofite furface, the fhock is felt much
{tronger than when the circuit is formed by the ap-
plication of both hands. Sometimes the torpedq
gives the fhocks fo quickly one after the other,
that fcarcely two feconds elaple between them; and
when, inftead of 2 ftrong determinate thock, it com-
mupicates only a forpor, that fenfation is naturally
attributed to the fucceffive and quick difcharge of
a great many confecutive fhocks.

This power of the torpedo is condu@ed by the
fame fubftances which conduét artificial eletricity,
and 1s intercepted by the fame fubftances which are
non-conductors of elericity : hence, if the animal,
inftead of being touched immediately by the hands,
be touched by non-eleftrics, as wires, wet cords,
&ec. held in the hands of the experimenter, the
fhock will be communicated through them, The
circuit
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sitcuit may allo be formed by feveral perfons join-
ing hands, and the fhock will be felt by them all at
the fame time. If, when the animal is in water,
the hands be put in the fame water, a thock will alfo
be felt, which will be ftronger if one of the hands
touch the fith, whillt the other is kept in the water
at a diftance from it. In fhort, the fhock of this
animal is conduéted by the {fame condu&ors as that
of the Leyden phial; thus it may pals through more
than one circuit at the fame time; or the circuit
may be much extended, &c. but in thofe cafes the
fhock 1s much weakened,

The fhock of the torpedo cannot pafs through
the leaft interruption of continuity : thus it will not
be conducted by a chain, nor will it pals through
the air from one conductor to the other, when the
diftance is even lefs than the 200th part of an inch ;
confequently no {park was ever obferyed to-accom-
pany it. ‘

No eleétric attrattion or repulfion was ever ob-
ferved to be produced by the torpedo; nor indeed
by any of the electric fithes, though feveral expes=
riments have been inftituted exprefsly for that pui-
pole.

Thefe flocks of the torpedo {eem to depend on
the will of the animal ; for each effort is accompa-
nied with a depreflion of its eyes, by which even
his attempts o give it to non-conductors, may be
obferved. Itis not known whether both eleétric or-
gans mult always a& together, or one of them only,

€Ga ~ may
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may be occafionally put in altion by the will of the
animal.

Almoft all thofe effe@s of the torpedo may be
imitated by means of a large ele&rical battery weak-
Iy charged %,

The gymnotus eleéricus has been frequently
called eleftrical e¢l, on account of its bearing fome
refemblance to the common eel. The gymnotus is
found pretty frequently in the great rivers of South
America. Tts ufual length is about three feet; bue
fome of them have been find to be fo large as to be
able to ftrike a man dead with their ele&ric fhock.
A few of thofe animals, about three feet long, were
brought alive to I'ngland about thirty years ago,
and a great many experinients were made with
them.

A gymnotus of three feet in length generally ig
between 10 and 14 inches in circumference at the
thickeft part of its body. The eletric power of
this animal being much greater than that of the
torpedo, its ele€tric organs are accordingly a great
deal larger, and indeed that part of its body which
contains moft of the animal parts that are common
to the {ame order of fithes, is confiderably fmaller
than that whichis fubfervient to the electric power,
though the latier muft naturally derive nourithment
and adtion from the former, The head of the

— —

» See Me. Wallli’s Paper in the 63d volume of the Phi=

Jofophical Tranfacticrs. :
; apimal
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animal is large, broad, flat, {mooth, and imprefled
with various fmall holes.  The mouth is rather
large, but the jaws have no teeth, fo that the animal
Jives by fuction, or by fwallowing the food entire.
The eyes are fmall, flattith, and of a bluifh colour,
placed a litle way behind the noftrils. The body
is large, thick, and roundifh, for a confliderable
Jdiftance from the head, and then diminifhes gra-
dually. The whole body, from a few inches below
the head, is diftinguithed into four longitudinal parts,
clearly divided from each other by lines. ~The ca-
rina begins a few inches below the head, and widen-
ing as it proceeds, reathes as far as the tail, where
it is thinneft. It has two peftoral fins, and the
anis 1s fitvated on the under part, more forward than
thofe fins, and of cousrfe not far diftanc from the
roftrum.

“This animal has two pairs of eleftric organs, one
pair being larger than the other, and occupying
moft of the longitudinal parts of the body. They
are divided from each other by peculiar mem-
branes*.

The nerves which go to the elelric organs of
the gymnotus, as well as of the torpedo, are much
Jarger than thofe which fupply any other part of

# See Hunter’s Account of the Gym:tofus Elettricus, in
the 65th Volume of the Philofophical Tranfallions, for far-
ther Particulars,  Alfo my Treatife on Eleétricity, 4th

Edition, Val, I, Appendix, N° V1L,
: the
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the body. The ele@ric organs of the gymnotus areg
fupplied with nerves from the fpinal marrow, and
they come out 1n pairs between the vertebrz of the
ipine.

The gymnotus pofiefies all the electric proper-
ties of the tcrpedo, but ina fuperior degree.  His
fhock is conducted by conductors of ele@ricity ; it
is communicated through water, &c. The ftrongeft
fhock is received when, the animal ftanding out of
the water, you apply one hand towards the tail, and
the other towards the head of the animal. In this
manner I often received fhocks from one of thofe
animals, which I felt not oaly in my arms, but very
forcibiy even in my cheft. If the animal be touch-
ed with one hand only, thea a kind of tremor is felt
@ that fingle hand, which, though fironger, is,
however, perfectly analogous to that which is given
by the torpedo when touched in the like manner.

This power of the gymnotus is likewife depend-
rag on the will of the animal, fo that fometimes he
gives flrong fhocks, and at other times very weak
ones. ‘He gives the ftrongeft thocks when provoked
by being frequently and roughly touched.

When {mall fithes are put into the water, where
the gymnotus is, they are frequently ftunned, and

-are either effectually or apparently killed.

‘Lhe Rrongeft thocks of the gymnoti, which were
exhibited in London, would pafs through a very
fhort interruption of continuity in the circuit. They
could be conveyed by a fhort chain when ftresched,

fo
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£ as to bring the links into a more perfet contact,
When the interruption was formed by the incifion
made with a pen-knife on a flip of rin-foil that was
pafted upon glafs, the fhock in pafiing through
that interruption, fhewed a fmall but vivid fpark,
plainly vifible in a dark room.

This animal thewed a peculiar property, namcly
that of knowing when he could, and when he could
uot, give the {hock ; for if non-conductors or inter-
rupted circuits were placed in the water, he would
sot approach them ; but as foon as the circuit ‘was
completed, he would approach the extremities of
that circuit, and immediately give the fhock*.

The third fith which 15 known to have the power
of giving the fhock, is found in the rivers of Africa;
but we have a very imperfe& account of its pro-
perties 1.

This animal belongs to the order which the na-
turalifts call filurus ; hence its name is filurus elec-
tricus. The length of fome of thofe fithes have
been found to exceed 20 inches.

The body of the filurus eleétricus is oblong,
fmooth, and without fcales; being rather large, and

S

* See .my Treatife on Ele&ricity, 4th edition, vol. IL,
p- 309.

+ Meflts, Adanfon and Forfkal make a fhort mention of
it; and Mr. Brufionet defcribes it under the French name
of le Trembleur, in the Hy} de P Aead, Royaie des Seiences,
for the year 1782,

flattened
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flattened towards its anterior part. The eyesare of 3
middle fize, and are covered by the {kin, which en-
velopes the whole head. Each jaw is armed with a
great number of fmall teeth. About the mouth it
has fix filamentous appendices, viz, four from the
under lip, and two from the upper ; the two exter-
nal ones, or farthermoft from the mouth on the
upper lip, are the 10 ngeflt.,  The colour of the body
is greyith, and towards the tail it has fome blackifh
ipots.

The ele@ric organ feems to be towards-the tail,
where the fkin is thicker than on the reft of the

 kody, and a whiti(h fibrous fubftance, whichis pro-

bably the eleCtric organ, has been diftinguifhed un-
der it.

It is faid that the {ilurus eleflricus has the pro-
perty of piving a fhock or benumbing fenfation,
ke the torpedo; and that this thock is communi-
cated through fubftances that are conduors of
elettricity. No other particular feems to be knowa
concerning it.

Nature feems to have given thofe fifkes this fin-
gular power of giving the fhock for the purpofe of
{ccuring their prey, by which they muft fubfift; and
perhaps likewife for the purpofe of repelling larger
animals, which might otherwife annoy them.

The ancients confidered the thocks of the torpedo
as capable of curing vartous diforders; and a mo-

dern philofopher will hardly hefitate to credic their

affertions,
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affertions, fince eleftricicy has been found to be &
afeful remedy in feveral cafes.

A fourth fith, faid to give fhocks like the above-
mentioned, was found on the coaft of Johanna, one
of the Comoro iffands, in lat. 12¢ 13" fouth, by
Lieutenant William Paterfon, and an imperfect ac-
count of it is given in the 76th volume of the Phi-
lofophical Tranfactions. '

« The fith is defcribed to be 7 inches long, 2 £
% inches broad, has a long prqjeé“t?ng mouth, and
« feems of the genus Tetrodon. ‘The back of the
¢ fifh is a dark brown colour, the belly part of fea-
« green, the fides yellow, and the fins and tail of 2
¢ fandy green. The body is interfperfed withred,

&C

green, and white {pots, the white ones particularly

“ bright; the eyes large, the iris red, its outer edge

“ tinged with yellow.”

Whillt this fith is living, ftrong fhocks, like
electrical thocks, are felt by a perfon who attempts
to hold it between his hands. Three perfons only
are mentioned in the account as having experienced
this property of one of thofe fithes ; but the want of
Opportunity prevented the trial of farther ¢xperi-
ments.




CHAP XL

OF GALVARISM.

N the year 1791, a very remarkable difcovery

made by Dr. Galvani ef Bologna was announced
to the fuientific world in a publication entitled, Aloyfii
Galvani ae Viribus Elefivicitatis in motu mufehlars
Commentarius. Benoniz 17g1.

The difcoveries of Dr. Galvani were made prin-
cipally with dead frogs. e in the firft place dif~
covered that a frog dead and fkinned, is capable of
having its mulcles brought into action by means of
electricity, even in exceedingly fimall quantities.

Sccondly, that independant of any apparent elec-
tricity, the fame motions may be produced in the
cead animal, or even in a detached limb, merely
by making a communication between the nerves
and the mulcles, with fubftances that are conducors
of ele&ricity. If the circuit of communication con-
fift of non-conductors of electricity, as glafs, fealing-
wax, and the like, no motion will take place,—The
Jike experiments were alfo fuccefsfully inftituted

upcn other animals ; and as the power feemed to
be
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be inherent in the animal parts, thofe experiments,
or the power which produces the motion of the
muicles in thofe experiments, was denominated awi-
mal eleffricity.  But it being now.fully afcertained,
that by the mere contact of metallic and other con-
duéting {ubftances, fome eletricity is generated *, je
15 evident that the mufcular motions in the above-
mentioned experiments are produced by that elec-
tricity ; hence we have confined the name of animal

leSricity to denote the power of the fithes which
give the fhock, &c. as defcribed in the pre-
ceding chapter. ~ And, at leaft for the prefent, we
fhall examine the eletricity which is produced by
the contadt, or by the aétion, of metallic and other!
conduéting fubftances upon each other, under the
title of Galvanifm ; though in truth Galvani's dif-
coveries go no farther than what relates to certain
effelts of the conta&t of animal parts: principally
with metallic {ubftances.—I fliall bricfly delcribe
the principal faéts which relate to the above-men-
tioned fort of mulcular motion, and (hall then. pro-

ceed to thofe which relate to the wonderful effe@s
of the mere contact or a&tion of one conduding fub-
ftaace upon another, amongft which the metzllic are
the moft con{picuous.

The a@ion of electricity on a frog, recently dead,

—

* See Bennet’s Mow E periments on Ele@ricity, 17893
and my Treatife on Ele&ricity, 4th Edition, vol IIL. p. 111,
and following.

and




..

£64 Cf Galvanifin.

and fkinned, (and indeed on other dnimals more or
%cf.l) occafions a tremulous motion of the mufcles,
and generally an extenfion of the limbs.

Dr. Galvani vfed to fkin the legs of a frog re-
cently dead, and ¢o leave theny attached to a {mall
part of the fpine, but feparated from the reft of
the bady.—Any other limb may be prepared in a
fimilar manner; viz. the imb is deprived of its
integuments, and the nerve, which belongs o ir,
15 partly laid bare.

If the limbs thus prepared, for inftance, the legs
of a frog, be fituated fo that a lictle electricity may
pals through them, be it by the immediate contaét
of an clectrified body, or by the ation of eleclric
atmofpheres (as when the preparation is placed
within a certain diftance of an ele@rical machine,

a fpark is taken from the prime conduor); the
pr(rparcd legs will be inftantly affeCted with a kind
of fpafmedic contraction, fommetimes fo firong as to
Jump a confiderable way.

When the eleétricity is caufed to pals through the
prepared froz by the immediate conraét of the elec-
trified body, 2 much fmaller quantity of it is fufficient
to occalion the movements, than when it is made to
pafs from one conduétor to another, at a certain
diftance from the prepared animal *.

* Probably the rooth part of that eleciricity which can
affel® a very delicate eletrometer, is fufficient to produce
the movement of the prcnur{;d animal limb, and even of 2

whole frog, or moule, or {parrow, &c. 5
102
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The movements are much fironger when' the
ele@ricity is caufed to pafs through a nerve to the
mufcle or mufcles, than through any other part.

The fenfibility of the prepared animal is greateft
at firft, but it diminifhes by degreestill it vanifhes
entirely, Animals with cold blood, and efpecially
frogs, retain that fenfibility for feveral hours, fome-
times even for a day or two.  With other animals
the fenfibility does not laft long after death, and
fometimes not above a few minutes.

The Jike movements may be produced in the
prepared animal without the aid of any apparent
electricity. In an animal recently dead; detach one
end of a nerve from the furrounding parts, taking
careé to cut it not too near its infertion into the
muicle ; remove the integuments from over the
mufcles which de;;end on that nerve ; take a piece
of metal, as a wire, touch the nerve with one extre-
mity of it, and the mufcles with its other extremity ;
on doing which you will find that the prepared limbs
move in the fame manner as when fome electricity
15 paffed through them. This however is not the
moft effectual way of forming the communication ;
yet it wil] generally fucceed, and the experiment will
anfwer whether the preparation be laid upon con-
ductors or upon electrics. '

If the communication between the nerve and the
mufcle be formed by the interpofition of non-con-
ductors of ele@ricity, fuch as glafs, fealing-wax, &c.
then no movements will take place.

When the application of the metal or metals is

VOL. II. HH continued




466 Qf Galvanifn.

continued upon the parts, the contradtions will ceale
after a certain time, and on remsoving the metal,
feldom,, if ever, any contraction is obferved.

The condulting conimunication between the
mufcle and the nerve may confift of one or more
pieces, and of the fame or, much better, of different
bodies conneéted together, as metals, water, a num-
ber of perfons, and even wood, the floor of a room,
&c.*  But it mufl be obferved, that the les perfect
conductors will anfwer only at firft, when the pre-
pared animal is vigorous’; but when' the power be-
gins, to diminifh, then the more perfect condutors
only will anfwer, and even thefe will produce vari-
ous effedts.

The moft effectual way of producing thofe
movements in prepared animal parts is by the
application of two metals, of which filver and zine
feem upon the whole to be the beft, though filver
and tin, or copper and zinc, and other combi-
nations, are not much inferior. If part oflthe
nerve proceeding from a prepared limb be wrapped
up.1n 3, bit of tin-foil, or be only laid upon zinc, and
a piece of filver be laid with one end upon the bare
mufcle, and with the other upon the above-mention-
ed tin or zing, the motion of the prepared limb: will
be very vigorous. The two metals may be placed
not in.contact with the preparation, but in any other

—

# The various bodies, which form this circuit, muft be
placed in full and perfedt contact with gach othier, which is
done by prefling them againft each other, or by the interpofi=

. tion of water, &c.

pﬂ.[’(‘.
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part of the circuit, which may be compleated by

neans of other conduftors, as water, &c.

The beft preparation for this experiment is
made in the following manner:

Separate with a pair of fciffars the head and upper
extremities of a frog from the reft of the body,
Open the integurmnents and mufcles of the abdomen,
and remove the entrails, by which means you will
lay bare the crural nerves. Then pafs one blade of
the fciffars under the nerve, and cut off the fpine
with the fleth clofe to the thighs, by which means
the legs will remain attached to the {pine by the
nerves alone, This done, leave a fmall bit only of
the fpine attached to the crural nerves, and cut off
all the reft. . Thus you will have the Jower limbs
G, H, fig. 1, Plate XXIV. of the frog adhering to
the bit of fpine, A B, by means of the crural nerves
C,D. Thefe legs muft be flayed in order to lay
bare the mufcles ; and a bit of tin-foil fhould be
wrapped round the fpine A B. With this prepara-
tion the experiment may be performed various ways,
but the two which follow are the belft.

Flold the preparation by the extremity of one leg;
the other leg hanging down, with the armed bundle
of nerves and fpine laying upon it. In this fituation
nterpofe a piece of filver, asa half-crown, between
the lower thigh and the nerves, fo that it may touch
the former with one furface, and the metallic coat-
ing of the latter with the other furface, or with its
edge; and you will find that the hanging leg will
vibrate very powerfully, fometimes fo far as to ftrike

HH2 againft
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againft the hand of the operator, which holds the
other leg,

Otherwife, place two wine glaffes, both full of
water, contiguous to each other, but not acually
touching, Put the thighs and legs of the prepara-
tion in the water of one glafs, and laying the nerves
over the edges of the two glafles, let the bit of {pine
with its armour (viz. tin-foil) touch the warer of
the other glafs. Things being thus prepared, if you
form the communication between the waters of the
two glaffes, by means of filver, or put the fingers of
one hand into the water of the glafs that contains the
legs, and holding a piece of filver in the other, you
touch the coating of the nerves with it, you will
find that the prepared legs move fo powerfully a
fometimes to jump fairly out of the glafs.

By the application of armours of different metallic
fubftances, and forming a communication between
them, the motions may be excited even in an entire
living frog, as alfo in fome other living animals,
particularly eels and flounders. - The living frog is
placed upon a piece of zinc, with a flip of tin foil
pafted upon its back, This done, whenever the
communication is formed between that zinc and the
tin-foil, efpecially if filver he ufed, the {pafmodic
convulfions are excited, not only in the mufcles
which touch the metallic fubflances, but likewife in
the neighbouring mufcles. T'his experiment may
be petformed entirely under water.

The experiment may be performed with 2 floun-
der.in a fimilar, eafy, and harmlefs manner. Take
a living
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a living flounder, fuch as may almoft always be found
at the filhmonger's; wipe it pretty dry, and lay it flat
into a pewter plate, or upon a fheet of tin-foil, and
place a picce of filver, as a fhilling, a crown picce,
&ec. upon the filh, Then, by means of a ‘piece of
metal, complete the communication between the
pewter plate or tin-foil and the filver pigce; on doing
which the animal will give evident tokens of being
affeCled. ~ The fith may afterwards be replaced in
water, and preferved for farther ufe.

It feerns that fuch movements may be excited b}’
the contact of metallic fubftances in all the animals 3
at leaft they have fucceeded, but in different degrees,
in a great variety of animals, from the ox to the fly.

The human body, whilft undercoing certain.chi-
rurgical operations, or its amputated limbs, have
been convulfed by the application of metals. But
the living animal body may be rendered fenfible of
the a&ion of metallic application in an harmlefs
way, and both the fenfes of tafte and of fight may
be affected by it, but in different degrees according
to the various conftitutions of individuals,

Let a man lay a piece of metal upon his tongue,
and a piece of fome other metal under the tongue ;
on forming the communication between thofe two
metals, either by bringing their cuter edges 1t con-
tact, or by the interpofition of fome other piece of
metal, he will perceive a peculiar fenfation, a kind
of irritation, accompanied with a fort of cool and
fubacid tafte, not exactly like, and yet not much
different from that which is produced by artificial

HHJ electricitys
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electricity, The metals which anfwer beft for thefe
experiments, are filver and zinc, or gold and zinc,
‘The fenfation feems to be more diftin& when the
metals are of the ufual temperature of the tongue.
The filver or gold may be applied to any other
part of the mouth, to the noftrils, to the ear, or
to other fenfible parts of the body, whilft the zinc
is applied to the tongue; and on making the
communication between the two metals, the tafte
will be perceived upon the tongue. The effe&
is rather more remarkable when the zinc touches
the tongue in a fmall part,’ and. the filver in
a great portion of its {urface, than wice vérfa, = In-
ftead of the tongue, the two metals may alfo be
placed in contaét with the roof of the mouth, as far
back as pofiible ; and on cempleating the communi-
cation, the tafle or irritation will be perceived,

Different perfons are varioufly affected by this ap-
plication of metals ; with fome the fenfation or tafte
is fo flightias to be hardly perceived, whillt with
athers it is very ftrong and even difagreeable. Some
perfons feel merely a pungency, and not properly a
tafte. ‘

In order to affe&t the fenfe of fight by means of
metals, let a man in adark place put a flip of tin-foil
upon the bulb of one of his eyes, and let him puta
piece of filver, as a fpoon or the like, in his mouth.
On completing the communication between the
fpoon and the tin-foil, a faint Alath of white light will
appear before his eyes.. This experiment may be
performed
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performed in a mote convenient manner, by placing
a piece of zinc between the upper lip and the gums,
as high up as pofiible, and a filver picce of money
upon the tongue ; or elfe by putting a piece of filver
high up in one of the noftrils, and a piece of zinc in
conta® with the upper part of the tongue; for in
cither cafe the flafh of light will appear whenever
the two metals are made to communicate, either by
the immiediate contat of their edges, or by the in-
terpofition of other good conduttars.

By continuing the contact of the two metals, the
appearance of light is not continued, it being only
vifible at the moment of making the contaét, and
fometimes, though rarely, at the inftant of fepara-
tion: it may therefore be repeated at pleafure, by
disjoining, and again connecting, the two metals.
When the eyes are in a ftate of inflammation, then
the appearance of light is much ftronger.

When the {cience of eletricity was advanced no
farther than the knowledge of the above-mentioned
fatts, it was doubtful whether the convulfions of
prepared animal limbs, and the {enfations which
are produced by the application of metallic fub-
ftances, were owing to fome eledtrical property
peculiar to the animal parts, which might per-
haps be conducted through the metals from one
part 1o the other; or to a fmall quantity of
eleétricity, which might be fupplied by the merals
themfelves, The latrer fuppofition however was
foon verified by the refult of various experiments,

H H 4 which
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which prove in the moft convincing manner that
electricity is produced by the mere contadt, not
only of metallic [ubftances, but likewife of other
bodies,

The eletricity thus produced by the mere con-
tadt of two bodies'is fo Very finall as not to be per-
ceived without great care, and without ufing fome
of thofe artifices for diicovering fmall quantities of”
eleétricity, which have been mentioned above. But
the late difcoveries of the ingenious Mr. Volta have
fhewn a method of increafing that eletricity to a
moft extraordinary degree*; by which means the
fubjet of elettricity has received a remarkable ad-
vancement, and has opened a moft promifing
field of wonders, wherein numerous and able la-
bourers are daily making ufeful and admirable dif-
coveries.— We fhall now proceed to {tate thole fadks
in as compendious a manner as the nature of the
fubject will admic of, confiftently with perfpicuity.

The action of metallic fubltances upon the or-
gans of living, or of recently dead animals, has
been fully manifefted by the above-mentioned difco-
veries of Galvani and others; but, previous to thofe
difcoveries, a variety of fadls, frequently afferted,
imperfectly known, and often difbelieved, indicated
a peculiar action arifing from a combination of dif-
ferent metallic bodies in-certain cafes.

* Sce his Paper in the Philofophical Tranfa&mns for the
year 1800, Art, XVII, It
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It had been long afferted, that when porter (and
fome other liquors alfo) is drank out of 2 pewter
pot, it has a tafte different from what it has when
drank out of glafs or earthen ware.

It has been obferved, that pure mercury retains
its metallic fplendor during a long time; but irs
amalgam with any other metal is foon tarnifthed or
oxidated. -

The Etrufcan inf¢riptions, engraved upon pure
lead, are preferved to this day; whereas fome medals
of lead and tin, of no great antiquity, are much cor-
roded.——Works of metal, whofe parts are foldered
together by the interpofition .of other metals, foon
tarnith about the places where the different metals
are joined.

When the copper fheeting of thips is faftened on
by means of iron nails, thofe nails, but particularly
the copper, are readily corroded about the place of
contact *. :

It had been obferved, that a piece of zinc might :
be kept in water for a confiderable time, without
hardly oxidating at all; but that the oxidation
would foon take place if a piece of [ilver happened
to touch the zinc, whillt ftanding in water.

Since Galvani’s difcoveries, the 'action arlﬁno
from the combination of three conductors has been

« See Fabroni’s Paper on the A&ion of different Metals
upon each other, in the 4oth Number of Nicholfon’s
Journal, g

examined
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7
examined with great care,, and with confiderable
fuccefs, efpecialiy by Mr. Volta, who lately difco-
vered that the {light effe@ of fuch a combination
may be increafed to a prodigious degree by repeat-
ing the combination ; for inftance, if a combination
of filver, zine, and water, produce a certain effedt,
a fecond combination (viz. another piece of filver,
another piece of zinc, and another quantity of water)
added to the firft, will increafe the effect ; the addi-
tion of a’third combination will increafe the effedt
{till more, and fo on*.

Previous to the defcription of the conftrution,
and of the very remarkable effeéts of thofe repeated
combinations, which are now generally called Gal-
venic batteries (though in juftice they muft be called
Polta’s batteries, or #oliaic batieries it will be ne-
ceffary to ftate the principal laws, which have been
pretty well afcertained with refpe@ to the fimple
combinations.

I. The conduétors of eledricity, which, ftrictly
fpeaking, do almoft all differ from each other in
conducting power, are neverthelefs divided into two
principal claffes.  Thofe of the firft clafs; otherwife
called dry and perfest condutors, are the metallic
fubftances and charcoal, Thofe of the fecond clafs,
or the imperfei conduilors, are water and other oxi-
dating fluids, as alfo the fubftances which contain

« Sece his very valuable Paper in the Phil, Tranf, for the
year 1800, Art, XVII, '
thole
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chofe Buids. But as the fubftances of the f{econd
clafs differ in conduéting power much more than
thole of the firlt clafs, fo_ they may be fubdivided
into {pecies *.

1I. The fimplett combinations capable of pro-
ducing Galvanic effects, (viz. to convulle the pre-
pared limbs of a frog, or of exciting the tafte upon
the tongue, &c.) muit confift of three different con-
duors ; for, two canductors only will not produce
any fenfible effeét. If the three condultors be all
of the firft clafs, or all of the fecond, then the effect
is feldom fenfible. In this cafe fuch conductors of
the {fecond clafs as differ more from each other, are
more likely to produce a {enfible effect than thofe of

s Mr. Volta arranges thofe fubftances in the following
order, commencing with the lealt a&ive; obferving, how=
ever, that this order is fubject to a confiderable deviation,
elpecially with refpect to the latter fpecies, and according as
they are combined with certain bodies of the firft clafs.

« 1. Pure water;” (It may be oblerved, that water hold-
ing in folution common air, and efpecially oxigen air, is
much more aftive than water deprived of air by boiling or
otherwife,) « 2. Water mixed with clay or chalk; 3. A fo-
¢ lution of fugar; 4 Alcohol ; 5. Milk ; 6. Mucilaginous
“ fluids; », Animal gelatinous fluids ; 8. Wine; 9- Vine-
gar and other vegetable juices and acids; 10. Saliva;
“ 11, Mucus from the nofe; 12. Blood; 13. Brains;
“ 14. Solution of falt; 15. Soap fuds; 16. Chalk water 3
« 17. Concentrated mineral acids; 18. Strong alkaline
“ leys; 19» Alkaline fluids ; 20, Livers of fulphur,”

~

the
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the firlt clafs ®.  Buta proper active fimple combi-
nation muft confift of three different bodies; viz. of
one conductor, of one clafs, and two different con-
ductors of the other clafs, Thus (denoting the
bodies of the firft clafs by means of large capital
letters, and thofe of the fecond clafs by fmall leteers)
the combinations of fig. 2, and 3, Plate XX1V.
are active; but thofe of fig. 4, 5, 6, 7, and 8, are
not aélive, becaufe that of fig. 4, 5, or 6, con-
fifts of two bodies only, and that of fig. 7, or 8,
confifts ‘of three bodies, of which two are of the
fame fort, and of courfe act as a fingle body.
When two of the three bodies are of the firft claf,
and one is of the fecond, the combination is faid to
be of the firff order ; otherwife it is faid to be of the
Second order.
Ina fingle attive Galvanic combination, or, asitis
commonly called, in a fimple Galvanic circle, the two
bodies of one clafs mult touch each other in one or

* Mr. Volta adduces as an inftance of an aflive Galvanic
combination, confifting of three conduétors of the fecond
clafs only, an experiment of Dr. Valli, in which the three
bodies concerned were, 1ft, The leg of a frog, and particu-
farly the hard tendinous part of the muftulus gaffroenemius
ad. ‘The rump, or the mufcles of the back, or the ifchiatic
nerves, to which the faid tendinous parts are applied ; and
3d. The blood or the vifcous faponaceous or faline Auid
applied to the point of conta&. See his letter to Gren in.
the Neuves Journal dos Phyf. vol, 111 p. 4, and vol. IV-
page I,
more
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more points, at the fame time that they are con-
nected together at other points by the body of the
other clafs.  Thus, when a prepared frog is con-
vulfed by the contaét of the fame piece of metal in
two different places ; then the fluids of thofe parts,
which muft be fomewhat different from each other,
are the two conductors of the fecond clafs, and the
metal is the third body, or the conduéor of the firft
clafs. If two metals be ufed, then the fuids of the
prepared animal, differing but little from each
other, may be confidered as one body of the fecond
clafs. Thus alfo, when a perfon drinks out of a
pewter mug, the faliva or moifture of his under
Iip is one Auid or one conductor of the fecond clafs,
the liquor in the mug is the other, and the metal is
the third body, or condu&or, of the firft clafs.

II1. It feems to be indifpenfably requifite, that
n a fimple Galvanic circle, the conductor or con-
ductors of one clafs fhould have fomé chemical
aftion upon the other conduttor or conductors;
without which circumftance the combination of
three bodies will have either no Galvanic action at
all, or a very flight one. Farther, the Galvanic
attion feems to be proportionate to the degree of
chemica] agency ; which fecms to fhew that fuch
chemical adtion is the primary caufe of the electric
phenomena *,

—

Pl
Phil. Tranf, for the year 1801, page 427.

The
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The moft aétive Galvanic circles of the firlt or-
der, are when two folids of different degrees of
oxidability are combined with a fluid capable of
oxidating at leaft one of the folids. Thus gold,
filver, and water, do not form an aétive Galvanic¢
circle ; but the circle will become ative if a little
nitric acid, or any fluid decompofible by filver, be
mixed with the water.

A combination of zinc, filver, and water, forms
an a&ive Galvanic circle, and the water is found to
oxidate the zinc, provided the water holds fome at-
mofpherical air, as it commonly does, and efpecially
if it contain oxygen air. But zinc, filver, and
water containing a little nitric acid, form a more
powerful Galvanic circle, the flimid being capable of
aéting both upon the zinc and upon the filver.

T'he moft powerful Galvanic combinations of the
fecond order, are when two condudtors of the fecond
clafs have different chemical adtions on the con-
dultors of the firflt clafs, at the fame time that they
have an action upon each other. Thus copper, or
filver, or lead, with a folution of an alkaline fulphu-
ret, and diluted nitrous acid, form a very aétive Gal-
vanic circle.

The prefent ftate of knowledge, relative to this
{ubject, does not enable us accurately to determine
the peculiar powers of all forts of Galvanic combi-
nations ; however, the following lifts contain a ufefol
arrangement.of the belt combinations,difpofed in the

2 order
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order of their powers, and commencing with the
moft powerful *,

Galvanic Circles of ‘the Firft Order, viz. which con-
Jilt of two CondusFors of the Firft Clafs, and one of
the Second.

Zinc with gold, or charcoal, or filver, or copper,
or tin, or iron, or mercury; and water contain-
taining a fmall quantity of any of the mineral
acids T.

Iron, with gold, or charcoal, or filver, or copper,
or tin, and a weak folution of any of the mineral
acids, as above.

Tin, with gold, or filver, or charcoal, and a weak
{olution of any of the mineral acids, as above,
Lead, with gold, or filver, and a weak acid {olu-

tion, as above,

Any of the above metallic combinations, and com-
mon water, Vviz, Wwater containing atmofpherig;ﬂ
air, or efpecially water containing oxygen air.

Copper, with gold, or filver, and a folution of ni-
trate of filver and mercury; or the nitric acid;
or the acetous acid.

Silver, with gold, and the nitric acid

* This arrangement has been formed principally by Mr.
Davy, profeffor of chemiftry at the Royal Inftitution.
4+ Van Marum found a {olution of falt ammoniac, viz. of

the muriate of ammoniac, to act beft. _
Galvanic
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Galvanic Circles of the Second Ordery, viz. which
confifp of one Conduifor of the Firft Clafs, and two
of the Second.

Charcoal, or|with water, or with|and a folution of
Copper, or |afolution of any hy-|nitrous acid, or
Silver, or  |drogenated alkaline oxygenated mu-
Lead, or fulphurets, capable|riatic acid, &c.

Tin, of of alting on the capable of acting
Iron, or firft three metalsjupon all the me-
Zinc, only ; tals.

The action of a fimple Galvanic circle feems to
be in fome meafure dependent upon the quantity
of furface of contact between the ading bodies.
An higher temperature within certain limits, ren-
ders the a&ivity of the circle greater than a lower
temperature.

The aivity of a Galvanic circle is not altered
by the interpofition of fuch condutors as have no
action upon the adjoining conduétors of the circle.
Thus, if a circle confift of zinc, gold, and water;
and if you interpofe a piece of iron, or of filver, or
both, between the zinc and the gold, the aétivity
of the circle will not be altered thereby. Hexce it
appears that the action of a Galvanic circle may be
conveyed through extraneous conduétors to a con-
fiderable diftance; but it muft be obferved, that the
attivity is weakened by the great length of the con-
ductors, efpecially if they be of an imperfe@® na-
ture,
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1V. When the three bodies which form a Galva-
nic circle of the firft order are laid one upon the
other, but the lower.and the upper one do not touch
each other ; then thefe two extreémes are in oppoﬁte
eleftric ftates, viz. the extremity which is next to
that metallic furface that touches the body of the
fecond clafs, is pofitive, and the oppolite extremity
is negative. Thus let copper, zinc, and moiftened
leather, be laid one upon the other; as in fig. g,
Plate XXIV. and the upper end W, viz. the
wetted leather, will be found peflefled of pofitive
electricity ; whilftk the lower end C, or the copper,
will be found negative *.
V. The

* This is a very delicate experiment, and the eleflricity
can only be rendered {enfible by means of Volta’s condenfer,
or of my multiplier. T placed a plate of zinc, 3 inches in
diameter, upon a larger plate of copper, and a piece of leather
not quite 3 inches in diameter, foaked in common river
water, was laid upon the zinc. Then whilll the cop-
per plate C, fig. 9, was made to communicate with the
ground, a wire connected the leather W, with the receiving
plate’ A of the multiplier, fig. 19, Plate XXIIL. and by
working that inftrument after the manner which is deferibed-
in page 426, it appeared that the moitt leather gave pofitive
ele@ricity. When the three bodies were reverfed, viz. the
moiftened leather was Pluced upon the table, and the copper
was made to communicate with the receiving plate of the
multiplier, the latter acquired the negative eleCricity. This
was tried repeatedly, and anfwered conftantly, From

YoL. III, 1 thele
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V. The Galvanic effefts may be increafed to al-
molt any degree, by conneéting feveral of the above-
‘mentioned attive combinations, or by a repetition
of the fame fimple Galvanic combination (the moft
active fimple combinations forming the moft power-

thefe experiments, as allo from the deduétion which may be
fairly made from the effells of batteries, we may conclude
that every aclive Galvanic combination has a pofitive and 2
negative fide, Hence it is fuppofed, that when the circle
is completed, as in fiz. 10, viz. by conneéling the leather
with the copper, a circulation of elecric fluid takes place
through it,

« If we form a metallic plate of two portions, the one of
zin, the other of copper, by foldering their ends together,
and taking the zinc between our fingers, touch with the
copper the upper plate of the condenfer, which is alfo
of copper, the condenfer becomes negative, - But if, on
@ the contrary, we hold the coppef in our fingers, and touch

“ the upper plate of the condenfer with the zinc ; upon re-
(43

"’
114
L 14

(14

moving the metals and raifing the upper plate of the con-
¢ denfer, it indicates no eleétricity, notwithftanding the
« lower plateis connected with the common refervair in the
% earth,

¢ But as foon as we interpofe between the zinc and the
plate of the condenfer a piece of paper moiitened with
‘¢ pure water, or any other moift conduétor, the condenfer
“ becomes charged with pofitive eletricity. It becomes
“ allo charged, but negatively, when we hold the zinc in
“ our fingers, and touch, with the copper, the humid con-
¢ ducler laid on the condenfer.” Report of the National
Inftitute’ at Paris, on Volta’s Experiments made in the
courfe of the year 1801,

114

ful
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ful batteries, and wice verfa) provided the fimple
combinations are difpofed fo as not to counteract
each other.

Thofe batteries are faid to be of the firft or of
the fecond order, according as the fimple combina«
tions, of which they confit, are of the firft or of
the fecond order. Thus, if a piece of zinc be laid
upon a piece of copper, and a piece of moiftened
card be laid upon the zincs then a fimilar arrange-
ment of three other fuch pieces be laid upon them,
and a third arrangement be laid upon this, &c. all
in the {ame order ; the whole will form a battery of
the firft order. But if the arrangement be made by
conne@ing a piece of Copper with 2 piece of cloth
moiftened with water ; the latter with a piece of
cloth moiftened with a folution of fulphuret of pot-
afh, and this again with another piece of copper,
&c. the whole will form a battery of the fecond

order *,
The

* Mr, Davy diftinguifhes the batterics of the {econd o1+
der into the following three claffes :

I. The moft feeble is compofed, whenever fingle metalhc
plates, or arcs, arearranged in fuch a manner, that twoof their
furfaces, or cnds oppofite to each other, are in confaét with
different fluids, one capable and the other incapable of oxi=
dating the metal, And régular feries of fuch combinations
are formed,

Il. When the fingle combinations or clements of the

feries confift each of a fingle plate or arc of a metallic fub-
112 ftance
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The above-mentioned reftriction, viz, that the
parts of a battery muft not countera each other,
will be eafily underftood by confidering that every
fimple, but interrupted, Galvanic combination has
a pofitive and a negative end; or that in every com-
plete Galvanic circle, the eleéric fluid circulates in
one way only. Thus, if two fimple combinations
be difpofed, as in fig. 11, this arrangement will not
have any Galvanic power, becaufe the afions of the
two fimple combinations, or the two currents of
electricity, are oppofed to each other; the two po-
fitive ends being at p, and the two negative ends
being at #. . But if thofe fix bodies be difpofed asin
fig. 12; then the combination will be very active ;
becaufe, according to the hypothefis, the direftion
of the eleftric fluid in each fimple arrangement
tends the fame way, and probably the one accelerates
the other.

ftance capable of ating upon fulphurated hydrogen, or upon
fulphurets diflolved in water, is accompanied with portions
of a folution of fulphurct of potath on onc fide, and water on
the other.

III. The moft powerful clafs is formed when metallic
fubftances oxidable in acids, and capable of adting on folu-
tions of fulphurets, are conne@ed, as plates, with oxidating
fluids and folutions of fulphuret of potafh, in fuch a manner
that the oppofite fides of every plate may be undergoing
different chemical changes, the mode of alternation being
regular, '

What
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‘What has been faid above of the arrangement of
two fimple Galvanic combinations, muft be likewife
underftood to hold good with refpect to the con-
neétion of any number of the fame; viz. that they
muft not counterac each other; or, if a certain
number of them counteract each other, then the
remaining only form the attive part of the battery.
For inftance, if a battery confift ef 40 fimple combi-
nations, and if 12 of them are placed in a direétion
contrary to the others; then thofe 12 will coum:eraél" :
12 others, and of courfe the whole battery will
have o more power than if it confifted of 16 fim-
ple combinations properly difpofed.

This points out a method of comparing the
powers of two batteries ; for if thofe batteries be
connected in an inverted order, viz. the pofitive
end of one be made to touch.the negative end of
the other; then, on connefting the two other ex-
tremities, or on applying them to proper inftru-
ments, the whole power will be annihilated, if the
feparate batteries had equal power; otherwife the
power of the whole will be the excefs of the power
of the moft powerful battery above that of the
weakeft ; and the direction, viz. its being pofitive
or negative, will fhew to which battery it belongs.
It muft be obferved, with refpeé to the inactive ar-
rangement of fig. 11, that if one of the feparate bo-
dies Z be removed, then the remaining five bodies
will form an aftive combination ; for in that cafe,

113 W, W,
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W, W, become one body, and 8, S, do likewife act
as one body.

It is almoft fuperfluous to obferve, that (as has
been faid with Jei"pc & to fimple circles) in a Gal-
vanic battery the interpofition of condu@ors that
have no particular ation, or of the condufors of
the fame clafs as the adjoining bodies, does not alter
the effed of the battery.

- Thus far we have ftated the general laws, which
have been pretty well afcertained with refpeé to
Galvanic combinations. We (hall now proceed to
deferibe the practical conftruétion, and the effelts of
thofe combinations, efpecially of the compound ar-
rangements or batteries.

The fimplicity of fingle Galvanic circles is fo
great, that nothing more needs be faid with refpelt
to their conftruction ; for when the three bodies are
feleCted, the operator needs only take care that
their conta& be perfed,

Volaic batteries have been conftru@ed of vari-
ous fhapes, and they may be endlefsly diverfified.
But the moft ufuzl forms are reprefented by fig.13,
14, and 16, Plate XXIV. Thofe of fig, 13 and
14, are more eafily conftructed ; that of fig. 16, is
the moit commodious,

The battery, fig. 13, confifts of feveral glaffes,

. or china cups full of water, or of water contaning

falt, &c. and two pla;cs unconneéted with ‘each

other, viz. a plate of zinc and a plate of filver,
6 are
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are plunged in the fluid of each cup, excepting the
firft and laft cups; but each of thofe plates muft have
a fort of tail or prolongation, by which they are fo
connetted that the filver plate-of one cup communi-
cates with the zinc plate of the next, and fo on; thofe
prolongations being foldered at 4, 4, a; &c.

The battery, fig. 14, confifts of pieces of filver,
about as big as half crowns, pieces of zinc, about
equal to thofe of filver, and picces of card, or cloth,
or leather, or other bibulous fubftance, a litde
fmaller in diameter than the metallic pieces, and
foaked in water or in other proper fluid.

Thofe pieces are difpofed in the order of
filver, zinc, and wet cloth, &c. as indicated by
the letters S, Z, W. ~The pieces:of card, or
cloth, &c. muft be well {foaked in the fluid ;
but before they are applied, they thould be
gently fqueezed, in order that the fuperfluous
fluid may not run down the outfide of the
pile, or infinuate itfelf between the contiguous
pieces of filver and zinc.  Thofe picces, efpecially
if foaked in plain water, lofe their moifture pretty
foon, fo that they can hardly ferve longer than
for a day or two; after which time the pile muft
be decompofed, the metallic pieces cleaned, thofe
of cloth or card foaked again, and the whole ar-
ranged as before. :

The three rods R, R, R, are of glafs or of baked
wood, and the picce of wood, Q, flides freely up

114 or
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or down the rods.  This ferves to prevent the full-
ing of the pieces. L

When fuch battery is to be very powerful, viz.
is to confilt of numerous pieces, the beft way is to
form two or three or more piles, and to join them
by pieces of metal, as ¢ ¢ in fig. 1 5> where two piles
are joined together, fo that 4 is the negative extre-
mity, and & is the other or pofitive extremity of the
whole arrangement, or of the two piles confidered
as one.

The battery, fig. 16, conflifts of a ftrong ob-
long veflel of baked wood, about three inches deep
and aboutas much broad. In the fides of this veilel
grooves are made oppofite to each other, and about
one-eighth of an inch in depth. In each pair of
oppofite grooves a double metallic Plate, viz, a
plate of zinc and a plate of filver foldered together
at their edges, are cemented; by which means the
wooden veflel is divided into feveral partitions, or
cells, about half an inch broad, as is {ufficiently in-
dicated by the figure. The cementation of the
metallic pieces into the fides and the bottom of the
wooden veflel, muft be o accurate as not to permit
the paflfage of any fluid from one cell into the next.
‘The cement proper for this purpofe is defcribed in
page 381, .

Thofe cells are afterwards filled almoft to the top
with water, or any other fluid, according to the table
in page 479 ; and thus the whole will form a Voltaic

battery,
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battery, confifting of various repetitions of filver,
zine, and fuid, Two or more of fuch batteries
may be joined, as has been faid of the preceding
battery.

I need hardly obferve, that inftead of zinc copper
and water, other combinations may be made accord-
ing to the table in page 479. At prefent the laft
defcribed batteries are conftrufted with copper,
zinc, and water mixed with a finall proportion of
nitric or muriatic acid. For the conftruction of fuch
hatteries it is immaterial whether the metals are quite
pure or {lightly alloyed.

The a&ion of all thofe batteries is greateft when
 they are firft completed or filled with the Auid; and
it declines in proportion as the meral is oxidated,
or the fluid lofes its power. Hence, after a certain
time, not only the fluid muft be changed, but the
merallic pieces muft be cleaned by removing the
oxidated furface, which is done either by filing or by
rubbing them with fand or fand-paper, or by im-
merfing them for a fhort time in diluted muriatic
acid, and then wiping them with a coarfe cloth-
The metallic pieces of the battery, fig. 16, may be
cleaned by the laft method, and may be wiped by
introducing a ftick with a rag into the cells.

Thus much may be fufficient with refpelt to the
conftruction of fimple and compound Galvanic ar-
rangements. It is now neceffary to ftate the effedts
of thofe combinations. - Indeed the mode of apply-
ing fingle Galvanic circles and their principal effects,

have
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have already been delcribed ; yet, for the {ake of
aflifting the memory, it will be ufeful to collect
thofe effects under the four following heads, in ex-
Planation of which we fhall add fuch farther experi-
ments and obfervations as could not with propriety
be mentioned bgfore. '

L. “The action of a fingle Galvanic cjrce affe&ts
the organs of living animals, or of animals recently
dead, efpecially when one end of the combination i
connected with a nerve, and the other end is con-
nected with a muftle of the fame limb.

IL. That ation may be tranfimitted through
good condutors eof electricity, but not through
electrics, or through lefs perfe@ conducors.

IIL. It affes the cle@rometer by the intermedi-
ation of other inftrurnents.

1V. That a&ion increafes, or otherwife modifies,
the chemical agency of the bodies concerned, upon
€acia otner.

The limbs of animals, efpecially of frogs re-
cently dead, are the moft-fenfible inftruments of
Galvanic powers; and, in fa&, the fimpleft Gal-
vanic circles will affed them, when they will not
produce any other decifive eleftrical effed,

The various powers of different fimple circles
may be afcertained by applying them to fuch ani-
mal preparations as have thtir viéality, or irritabi-
lity, more or lefs exhaufted. Thus M¢. Volta in
his letter to Gren, fays, « If you take a frog, the
<« head
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head of which has been'cut off, and which has
been deprived of all life by thrufting a needle
into the {pinal marrow, and immer{e it without
fkinning, taking out the bowels, or any other
preparation, into two glaffes of water ; the rump
intoone, and the legs into the other, as ufual; it
will be ftrongly agitated and violently convulfed,
when you conneét the water in both glaffes by a

bow formed of two very different metals, fuch as
filver and lead, or, what is better, filver and

zinc ; but this will. by no means be the cafe when
the two rnetals are lefs different in regard to their
powers, fuch as gold and filver, filver and cop-
per, copper and iron, tin and lead. But what is
more, the effect will be fully produced on this {o
litte prepared frog, when you immerfe in one of
the two glafes the end of a bow merely of tin or
zine, and into the other glafs the other end of
this bow which has been rubbed over with a little
alkali. You may perform the experiment ftill
better with an iron bow, one end of which has
been covered with a drop or thin coating of ni- ..
trous acid ; and beyond all expettation, when you
take a filver bow, having a ]if.tlc fulphuret of pot-
ath adhering to its extremity.”

When a fingle powerful Galvanic combination

of the fecond order is applied with one end to the
tongzue, and with the cther fluid end o fome other
fenfible part of the body, an acid tafte is per recived
on the tongue, which tafte, by continuing the

contact,
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contact, becomes lefs diftin&, and is even changed
into an alkaline tafte.

¢ 1f a tin bafon be filled with foap-fuds, lime~
‘ water, or 2 ftrong ley, which is fiill better ; and if
« you then lay hold of the bafen with both your
“ hands, having firlt moiftened them with pure
“ water, and apply the tip of your tongue to the
¢ fluid in the bafon, you will immediately be fen-
¢ fible of an acid tafte upon your tongue, which is
*¢ in contact with the alkaline liquor, This tafte js
“ very perceptible, and, for the moment, pretty
« firong; but it’is changed afterwards into a dif-
“ ferent one, lefs acid, but more faline and pungent,
« until at faft it ‘becomes alkaline and fharp, in
“ proportion as the fluid afls more upon ' the
€ tongue*.” . |

Mr. Davy obferves, that ¢ i zinc and filver be
« made to form a ci;'

witih diltilled ‘water, hold-

* ing in folution air, {or many “’LLL” a conlidera-

L

-

ble oxidation of the zinc is perceived, without
£ th"P""CLP[LL]'a evolution of gafs; ;..ual the water,
¢ at its point of contact with the filver, becomes

£

poffelfed of the power of tinging green, red cab-

[ 4

"

bage juice, and of rendering turbid, folution of .

(4

~

nuriate of magnefia.”

"T'he chemical ation of bodies upon each other is
increafed by the Galvanic arrangement, fo much,
that fome of them are thereby enabled to a& upon

* Voita’s Letter to Gren,
bodizs
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bodies thatotherwife they would have noactionupori.
Fig. 17, Plate XXIV. reprefents a glafs tube about
four inches long. Two corks are thruft into its
apertures A and B. An oblong pieceof zinc, CI),
15 fixed into one of the corks, and is made to pro-
je& within and without the tube. EFG is a filver
.wire, which, being fixed into the other cork, pro-
Jects with the extremity E within the tube ; and its
other extremity is bent fo as to come near the pro-
je&ing part of the zinc C.

Remove one of thofe corks, and fill the tube with
water, in which you muft mixa drop or two of
muriatic acid ; then replace the cork, and you will
find that the zinc is acted upon by the diluted acid;

. is oxidated by 1t, and bubbles of gas are evolved
from it; but the filver wire E remains untouched,
and no gas whatever is evolved from it. Now, if
you bend the filver wire F G, fo thac its end G may
touch the zinc at C, then the Galvanic circle of
filver, zinc, and diluted acid is completed, in con-
fequence of which the diluted acid is enabled to af:
ftronger upon the zinc D, which is manifefted by
the more copious evolution of gas, and is, befides,
enabled to act upon the filver wire ; for now you
will obferve the evolution of gas from the filver E
alfo,—Break the contact between G and C, and the
filver E will ceafe to yield gas.—Form it again, and
2as will again proceed from the filver.

Inftead of filver, zinc, and diluted muriatic acid,
you may in the fame manner ufe gold, tin, and di-

luted
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luted nitric acid ; and by completing the circle, the
acid will be enabled to att upon the gold.

It has been obferved, that whenever an oxidating
influence is exerted at one of the places of contact of
the perfect and imperfeét conductors, a deoxidating
altion appears to be produced at the other place.
Thus when iron, which oxidates rapidly when form-~
ing a circle with filver and common water, is ar-
ranged with zinc and common water, it remains
perfectly unaltered, whillt the zinc is rapidly ated
upon *, '

Such ere the facts which have as yet been difco-
vered with refpect to the power of fingle Galvanic
circles, They form a remarkable addition to the
fcience of elettricity, and open a vaft field of fpecu-,
lation and experimental inveftigation; yer we are

-unable to form a theory fufficient to account for the

original caufe, or for the allion of that very re.
markable power ; and we can only wait with pa-
tience for the probable elucidation, which may be
afforded by farther difcoveries.

If the effetts of fingle circles are very remarka-
ble, the colle€ted power of feveral fingle circles, or
of the Voltaic battery, cannot fail of furprifing the
leaft refieting mind.

The Voltaic battery not only convulfes the pre-
pared limbs of a frog, or produces the appearance
of a flath of light before the human eye ; bur it

R

* Journals of the Royal Inftitution, N 4,
thews
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fhews all the phenomena of elettricity in a very
confiderable degree. Tt gives the fhock; itaffeéts
the €lectrometer ; fhews a luminous fpark, accom-
panied with- an audible report; it burns metallic,
and other combuftible bodies; and' continues in
action for a very long time, viz. until the chemieal
aCtion between the component parts of the battery
1s quite exhaufted.—T he following paragraphs con-
ain a more particular, yet concife, enumeration of
thofe wonderful effects.

‘When Volta’s battery of the firft order (the adtion
of thofe of the fecond order being weaker and much
more tranfient) confifts of 20 repetitions of fimple
combinations, if you touch with one hand one extre-
mity of che battery, as at 4, in any one of the abave-
defcribed batteries, and apply your other hand to
the other extremity of the battery, as at 2; you will
feel a very flight fhock, like that which is commu-
‘nicated by a Leyden phial weakly charged, and it
will be hardly felt beyond the fingers, or at moft the
wrifts, This fhock is felt as often as you renew
the conta&. If you continue the hands in conta
with the extremities 4 and @, you will perceive a
flight but continuate irritation; and, when the hand or
other part of the body, which touches the extremity
of the battery, is excoriated or wounded, this fenfa-
tion is difagrecable and rather painful.

The dry {kin of the human body is feldom capa-

. ble of conduéting this fhock 5 therefore the touch-
ing fingers fhould be well moiftened with water. Tt
will
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will be bétter to immerfe a wire, that proceeds from
one extremity of the battery, in a bafon of water,
wherein you may plunge one of your hands; then
gralping with your other hand well moiftened, 2
large piece of metal, for inftance, a large filver
{poon, touch the other end of the battery with it,
and the fhock will be felt more diftinétly, By this
means the fhock has been felt when the battery con-
fifted of lefs than 20 repetitions.

Inftead of one perfon, feveral perfons may join
hands, (which muft be well moiftened with water)
and on completing the circuit, they will all feel the
fhock at the fame inftant. But the ftrength of the
fhock is much diminithed by its pafling through the
feveral perfons, or, in general, by pafling through
lefs perfect conduétors,

The fhock from a battery confifting of 50 or 6o
repetitions of the moft”active combinations of the
firft order may be felt as far as the elbows; and the
combined force of § or 6 fuch batteries will give a
thock perhaps much ftronger than moft men would
be willing to receive. The prepared limbs of a
frog or other animal are violently convulfed, but
foon exhaufted of their irritability, by the action of a
Voltaic battery.

This fhock is fimilar to that of a large common
elecrical battery weakly charged, and not to that of
a fmall Leyden phial fully charged. The difference
confifts in this, viz. that the latter contains a fimall
quantity of eleéric fluid highly condenfed ; hence
13
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its difcharge will force its way through perhaps an
inch of air; whereas the former contains a vaft
quantity of elericity, but little condenfed ; hence
its {park, viz. its courfe through the air, is fo very
fhort, that the fingers muft be brought almoft into
perfect contact in order to receive the fhock ; and
fuch is the cafe with the Voltaic battery ; for the
fhock from a very powerful battery of this fort will
hardly ever force its way through the air, when the
extremities of the circle of communication are more
than a fortieth of an inch diftant, even when thofe
extremities confift of perfet conduors. In this
cafe a fmall but very vivid fpark is feen at that ex-
tremity, accompanied with an audible but not'ftrong
report. There is no perceptible difference of ap-
pearance betwsen the fpark of the pofitive and that
of the negative end of the battery.

If a wire proceeding from one extremity of a
pretty ftrong Volraie battery be made to commu-
ricate with the infide coating, and a wire, which
proceeds from the other extremity of the Voltaic
battery, be made to communicate with the outfide
coating of a common large jar or ele@rical battery ;
the Jatter will thereby become weakly, but almoft
inftantaneonfly, charged, in the fame manner as if it
had been charged by a few turns of a common elec-
trical machine ; and with that charge you may either
give the thock, or affec on elettrometer, &c.

In fhort, every thing confpires to prove that a
Voluaic battery produces a vaft quantity of eleétric

YoL. 1Ii, K K fluid,
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fluid, but which is little condenfed ; and indeed it
il would be impofiible to fuppofe, that the eletric
fluid could proceed in a very condenfed ftate from
an arrangement of bodies, which, whether more or
lefs, are, however, all good conduors of electri~
i city ; for if the fluid were much condenfed at one
' extremity of the Voltaic battery, and much rarefied
1 at the other extremity, the compenfation would foon
" be made through the pile itfelf. Indeed it is diffi-
cult to comprehend how this compenfation does not
4 take place in all cafes.
[ The eleétric fluid may probably be a neceffary
i ingredient in the compofition of bodies ; and perhaps
the chemieal action of one body upon another dife

| ;; engages from the latter the eletric fluid, as it difen-
‘ ‘ gaggs the caloric in feveral cafes: but the queftion
| is, why the eleétric fluid, which is extricated from
! the bodies of a Volraic battery, is forced to move
one way ; and why is the other extremity of the bat-
tery in a negative ftate of eletricity 2

Thofe doubts may perhaps be cleared by future
difcoveries ; but let us return to the ftatement of
facts.
| ' Having mentioned above, that the charge of 2
Voltaic battery may be communicated to a com~
mon electrical battery; it is almoft fuperfluous to
obferve, that the fame may be communicated to 2
condenfer, or to my multiplier, and from it to the
eleétrometer.  If the Voltaic battery confift of 200
repetitions, the eletrometer will be affefed by the

fimple contalt,
The
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The fpark, or the difclmrge of a Voltaic battery,
when fent through thin inflammable bodies that are
in contadt with common or oxygen air, fets them on
fire, and confumes them with wonderful activity. It
fires gun-powder, hydrogen gas, phofphorus, and
other combuftibles ; it renders red-hot, fufes, and .
confumes very flender metallic wires and metallic
leaves. The mode of applying the power of the
battery for fuch. purpofes, is fhewn in. fig., 18,
Plate XXIV. where A B reprefents a powerful
Voltaic battery ; ACDF i1s a. wire which commu-
nicates with the laft plate of the battery at A
BKIHG is another wire which communicates
with the laft plate at B. DE, HI, are two
glals tubes, through which thofe wires pafs, and into
which they are faftened fufficiently fteady. Thofe
tubes {erve to move the wires by ;. for.if the operator
apply his fingers to the middlemoft parts of thofe
tubes, he may move the wires wherever he pleafes,
without the fear of receiving a fhock. 1If the two
extremities F, G, be brought fufficiently near to each
other, the fpark will be feen between them. It is
between thofe extremities that the combuftible fub-
ftances, or metallic leaf, 8¢. is to be placed, in ordex
to be fired or confumed. This figure reprefents the
fituation of the wires in the aft of inflaming gun-
. powder*,

Under

* A battery confifting of 200 pairs of metallic plates
(viz. copper and zinc, each § inches fquare) melted 22
KE2 ingllies
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Under the exhaufted Feceiver of the alr-pumps
- the Voltaic battery alls lefs powerfully than in the
open air; but in oxygen air it ats with increafed
power.
The fAafh of light which appears before the eye
of the experimenter, when the eye itfelf, or fome
other part not very remote’ from it, is put in the
circuit of a Galvanic combination, does not appear
much greater when a battery is employed, than
when two plates are applied in the manner which
has been already mentioned ; but when the battery
is ufed, the fenfation of a flafh may be produced in
various ways. If one hand or both be placed in
perfect contadt with one extremity of the battery,
and almoft any part of the face be brought into
contact with the other extremity of the battery, the
flath will appear very diftinétly ; the experimenter
being in the dark, or keeping his eyes fhut. This
flafh appears very ftrong, when a wire which pro-
ceeds from one extremity of the battery is held be-
tween the tecth, and refts upon the tongue, whilft
the other wire is held in the hand. In this cafe the
lips and the tongue are convulfed, the flafh appears
before the eyes, and a very pungent tafte is per-
ceived in the mouth.
If any part of the human body, forming part of the
circuit of a Voltaic battery, be kept fometime in that

inches of very fine iron wires A platina wire about +4¢ inch
kadiamctcr: was melted-into 2 globule, ’
. + firuation,
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fituation, the irritation or numbnefs is more or lefs
diftin&, and more or lefs painful, according to the
{enfibility of the parts concerned. This application
is likely to prove moft ufeful as a remedy in various
diforders. It is faid that it has already proved be-
neficial in deafnefles and in rheumati(ms. It highly
deferves to be tried by medical perfons.

The moft extraordinary phenomena of a Voltaic
battery are the chemical effects, and the modifica-
tions which are produced by it upon the bodies con-
cerned, or upon fuch as are placed in the circuit, I
fhall firft defcribe the fimpleft mode of exhibiting
the principal of thofe phenomena ; namely, the evo-
~lution of gas from water ; from which the mode of
condu@ing fimilar experiments is eafily derived ;
then {hall tranferibe the various particulars which
relate to thofe chemical effeéts, from the Journals of
the Britith Royal Inftitution, where they are con-
cifely expreffed ; and to which I fhall add notes
with farther illuftrations.

A B, Fig. 19, Plate XXIV. exhibits a’glafs
tube full of diftilled water, and having a cork at
each extremity. EF is a brafs or copper wire,
which proceeds from one extremity of a Voltaic
battery, and, pafling through the cork A, projects
within the tube. H G is a fimilar wire, which pro-
ceeds from the other extremity of the battery, and
comes witch its extremity G within the diftance of
about an inch or two from the wire F.

In this ficuation of things, you will find that bubbles

' KE3 of
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of gas proceed in a conftant ftream from the fiir-
face G of the wire which proceeds from the nega-
tive end of the battery; thefe bubbles of gas, afcend-
ing to the upper part of the tube, accumulate by de-
grees.  This gas is the hydrogen, and may be in-
flamed. At the fame time the other wire F depofits
a ftream of oxide in the form of a fteam o cloud,
which gradually accumulates in a greenifh form in
the water, or on the fides of the tube, and is a per-
fect oxide of the brafs. The wire F is readily dif-
coloured and corroded. If you interrupt the circuit,
the production of gas and of oxide ceafes immedi-
ately.—Complete the circuit, and the produétion of
gas reappears, &c.

This production of gas may be obferved even
where the battery confifts of not more than fix or
eight repetitions of filver, zinc, and water, In
fhort, if the power of the battery be fufficient to
oxidate one of the wires of communication, the other
wire will afford hydrogen gas; both extremities of
the wires being in water *,

In

* In this experiment it feems that the hydrogen is fepa-
rated from the water, and is converted into a gafeous ftate
by the wire connected with the negative extremity of the

- battery ; whilft the oxygen unites with and oxidates the wire

connected with the pofitive end of the battery, If you con-
nect the pofitive end of the battery with the lower wire of
the tube, and the negative with the upper ; then the hydrogen
proceeds
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In the above defcribed apparatus, 2 little hole
muft be made in the lower cork B, for the purpofe
of giving exit to the water in proportion as the gas
is formed.

¢ In al] batteries of the firlt order, when the con-
¢ nexion is completed, changes take place which
¢ denote the evolution of influences capable of pro-
“ ducing from common water, oxygene and hydro-
¢ oene, acid and alkali, in different parts of the
s feries.

P

proceeds from the upper wire, and the lower wire is oxi=
dated.

1f two wires of gold or platina be ufed, which are not oxi-
dable; then the ftream of gas iflues from gach, the water is
diminifhed, and the collected gas is found to be a mixture of
hydrogen and oxygen. It explodes violently.

Thofe two different elaftic fluids may be obtained feparate
from each other by the following means. Let the extremi=
ties of the two wires, which proceed from the battery, be im-
merfed in water, at the diftance df about an inch from each
other, and place over cach of them 2 fmall glafs veflel in-
verted and full of water, as in fig. 20, Plate XX1V., How=
ever, Dr. Pricltley, who denics the canvertibility of water
into hydrogen and oxygen air, thinks that the claftic fluid in
thefe experiments originates from the air which is contained
in the water ; ¢ fince,” {ays he, ¢ if by means of oil upon the
water, ar a vacuum, accefs to the atmofphere be cut off, the
whole produétion of gas ceafes.” Nor is any air produced
when the water has been exhaufted of it. See Nichol-
fon’s Journal of Natural Philofophy for March 180z,
pagc 198,

' KK 4 # Thus
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504 Of Galvanifin.

“ Thus in the battery with feries of zinc plates,
filver wires, and common water, oxide of zinc is'
formed on all the plates of zine, whilft hydrogen
is produced from the filver wires; and if the water
in contact with them be tinged with red cabbage
Juice, it becomes green.

“ And in the battery with filver, gold, and weak
nitric acid, the filver is diffolved, whilt the acid
becomes green, and flowly evolves gas at its points .
of conta& with the gold.

« The chemical agencies exerted in the com-
pound batteries of the firlt order can be beft ob-
ferved by the fubftitution of fingle metallic wires
for fome of the double plates; for, in this cafe,
the changes taking place in the feries with wires,
will be exaétly analogous to thofe produced in
the feries with plates; filver, and all the more
ozidable metals, oxydating in water, in the ufual
place 3 and gold and platina evolving oxygene
gas.

“ Thus, when into two fmall glafs tubes, con-
nected by moift animal fubftance, and filled with
diftilled water, two gold wires are introduced from
a large battery, in the proper order, oxygene is
produced in one quantity of water, and hydrogen
in the other, nearly in the proportions in which
they are required to form water by combuftion :
and if the procefs be continued for fome time, the
apparatus being expofed to the atmofphere, the
water, in thc oxygene-giving tube, will become
¢ impregnated
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« impregnated with an acid (appatently the .ni-
<« trous); whilt that in the hydrogen-giving tube
¢« will be found to hold in folution an alkali, which,
< in certain cafes, has 2ppeared to be fixed.

« From fome experiments it would appear pro-
« bable that the quantities of hydrogene, produced
<« in feries, are finall, and the quantines of alkali
« greaf, in proportion as the furfaces of contalt of
¢ the lealt oxidable metals with the water are more
¢« extended. ;

« All the oxygenated folutions of bodies poflefling
< lefs affinity for oxygene than nafcent hydrogene,
“ are decompofed when expofed to the action of
¢ the metal occupying the place of the lealt oxida-
¢ ble part of the feries in the compound circle.

« Thus, fulphur may be produced from fulphu-

-

€

-

ric acid; and copper and other metals precipi-
tated in the metallic form from their folvents *.
« Put

€

% « Tt is well known that hydrogen gas, in its nafcent
ftate, reduces the oxydes of metals.  Accordingly, when the
tube, fig. 1g, is filled with a folution of acetite of lead in
diftilled water, and a communication is made with the bat-
tery as above defcribed, no gas is perceived to iffue from the
wire which proceeds from the negative end of the battery ;
but, in a few minutes, beautiful metallic needles are per-
ceived on the extremity of this wire; thefe foon increale,
and affume the form of a fern, or other vegetable. The lead
thus {eparated is in its perfedt metallic ftatz, and very b;ilq
liant.

« When
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« But little knowledge has yet been obtained
¢ concerning the chemical changes taking place in
“ the batteries of the fecond order. But from fe-
« veral experiments it would appear that they are
« materially different in the laws of their pro-
¢ dultion from thofc taking place in the firft

(41

gob

order.

- * Thus, when fingle metallic wires with water
¢ are placed as feries in powerful batteries of the
fecond order, the ipfluence producing oxygene
“ feems to be tranfmitted by the point, in the
“ place of that part of the plate, which was appa-~
rently incapable of undregoing oxidation ; whilft

114

L]

¢ When a folution of {ulphat of copper is employed, the
copper is precipitated in its metallic ftate; but inftead of ap-
pearing in cryftuls, it forms a kind of button, which adheres
firmly to the end of the wire,

« On making the experiment with a folution of nitrate of
filver, the filver is precipitated in the form of 2 beautiful me-
tallic brufh, the metal {hooting into fine needle-like cryftals.’”
Garnett’s Annals of Philofophy, vol.1. p. 19.

Af a piece of iron be immerfed in a folution of fulphat of
copper, the latter metal will be precipitated in a metallic
form, and will adhere to the furface of the former. Upon
filver rﬁerely tmmerfed in the fame folution, no fuch efe&
is produced 3 but as foon as the two metals, viz. the filver
and the copper; are brought into contaét, the filver receives a
coating of copper.  Phil. '1;r:.1rtf. for thg year 1801, Wol-
lafton’s Paper, p. 428.

7 {4 Eh_ﬁ
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« the hydrogen is evolved from that point, where
« the oxidating part of thé primary feries appeared
< o exift.

« The agency of the Galvanic influence, which
« gccafions chemical changes, and communicates
« electrical charges, Is probably, in {fome meafure,
« diftinct from that agency which produces fparks,
¢« and thé combuftion of bodies.

« The one appears (all other circumftances be-
% ing fimilar) to have little relation to furface in
& compound circles, but to be great, in fome un-
“ known proportion, as the number of feries are
« pnumerous. The intenfity of the other feems to
« be as much cennefted with the extenfion of the
« {urfaces of the feries, as with their number*.

<« Thus, though eight feries compofed of plates of
<« zinc and copper, about 10 inches {quare, and of
« cloths of the fame fize, moiftened in diluted mu-
¢ riatic acid, give [parks fo vividas toburnironwire;
« vet the fhocks they produu: are hardly fenfible,
« and the chemical changes indiltinét; whiltt’ 24
« feries of {imilar plates and cloths, about 2 inches

S

¥ Van Marum obferved, that the intenfities of two co-
tumns containing an equal number of plates, appeared equal
by the cleftrometer, although their diameters were fo dif-
ferent as one and five inches. On taking {hocks from both
batteries, their powers allo feemed to be equal, In the fu-
fion of wire, however, the lage diameter had an evident
advantage.

« [quare,
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“ fquare, which occafion fhocks and chemical
< agencies more than three times as intenfe, pro-
“ duce no light whatever.

“ A mealure of the intenfity of the power in
“ Galvanic batteries, producing chemical changes,
“ may be derived from the quantity of gas it is ca-
¢ pable of evolving from water in a given time.”

The preceding falts can hardly leave any doubet
with refpect to the identity of the Galvanic power,
and the eleétricity which is produced by means of 3
common electrical machine, or that is brought down
from the clouds; but, what is ftill more remarka-

able, it reconciles to the fame principle the animal
electricity, viz. the power of the torpedo, gymuotus
electricus, &c. fince all the phenomena of the ani-
mal electricity agree with thofe of the Voltaic bat-
tery.

The elgétrical fithes give the fthock in water ; and
in the fame manner, if the ends of the wires, which
pmceeci from the extremities of the Volraic battery,
be immerfed both in the fame bafon of water, at
fome diflance from each other; and if you plunge
your hands in the fame water, you will receive the
thock, the greateft part of whichwill pafs, not through
the water, but through your body; which is the better
condutor of the two.

The ftrongeft fhock of the gymnotus will hardly
at all pafs through any interruption of circuit, and
fuch 1s alfo the cafe with the Voltaic battery.

But the moft firiking circumftance is, that the
electric
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eleftric organ of any of the above-mentioned fifhes
feems to be conftruéted ‘exatly like a Voltaic bat-
tery 5 for it confifts of little laminz or pellicles ar-
ranged in columns, and feparated by moifture *. It
feems, in fhort, to be a Voltaic battery, confifting of
condu®ors of the fecond order only; but undoubt-
edly of different conduéting powers.

Though the Voltaic battery exhibits all the lead-
ing properties of common ele@ricity, fuch as the
attraftion, the fpark, &c. yet in fome effeds, viz.
the decompofition of water, oxygenation of metals,
&c. the former feemed to differ confiderably from
the latter ; but thofe apparent differences have been .
fufficiently veconciled by fome very ingenious ex-
petiments and obfervations of Dr. W. H. Wol-
lafton 1. .

With refpect to the decompofition of water,
which was thought to require very powerful electri- .
cal machines, he juftly fulpected, that by reducing
the furface of communication, the decompofition of
water might be effeCted withlefs powerful means; and
this was verified by actual cxperil'lnt‘nts. “ Having,
< pe fays, procured a fmall wire of fine gold, and
« given it as fine a point as [ could, T inferted
¢ it into a capillary glafs tube ; and after heating

* See Hunter’s Papers on the Torpedo and Gymnotus,
Phil. Tranf. vol. 63 and 75.

+ Se his valuable Paper in the Phil, Tranl. for 1801,
Article XXI1, - i

: Sethe
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¢ the tube {0 as to make it adhere to the point, and
* cover it in every part, | gradually ground it
“ down, till, with a pocket-lens, I could difcern that
* the point of the gold was expofed,

“ The fuccefs of this method exceeding my ex-
« pectations, I coated feveral wires in the fame
“ manner, and found, that when fpﬁrks from the
* condulters were made to pafs through water, by
““ means of a point fo guarded, a fpark pafling to
‘¢ the diftance of 5 of an inch would decompofe
“ water, when the point expofed did not exceed
“ 7 of an inchin diameter. With another point
« which I eftimated at '+ of an inch, a fucceflion
“ of fparks %, of an inch in length, afforded a cur-
« rent of {mall bubbles of air.
¢ I have fince found, that the fame apparatus
will decompofe water, with a wire %, of an inch
« diameter, coated in the manner before defcribed,
“ if the {park from the prime conduftor pafles to
“ the diftance of % of an inch of air.”

He alfo found, that with 2 gold point fimilar to,
but much fmaller than any of the above-mentioned,
and {imilarly fituated in water, the mere current of
electricity, without any fparks, would occafion a
ftream of very finall bubbles to rife from the extre-
mity of the gold.

¢ Having coloured a card with a ftrong infufion of
¢ litntus, 1 pafied a current of eletric fparks along
“ it, by means of two fine gold points, touching it
“ at the diftance of an inch from each other. The
« efelt,
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« effe®, as in other cafes, depending on the fmall-
« nefs of the quantity of water, was moft difcernible
« when the card was nearly dry: In this ftate, 2
« very few turns of the machine were fufficient to
« pceafion a rednefs at the pofitive wire, very ma-
« nifeft to the naked eye. The negative wire, being
< _afterwards placed on the fame fpot, foon reftored
¢ jt to its original blue coloyr.”

Dr. Wollafton likewife remarks another ftrong
point of analogy between the eleétricity of the Vol=
taic battery and that of a common ele€trical machine;
viz. that they both feem to depend upon oxidation.
In fad, a common eleérical machine will 2& more
or lefs powerfully, according as the amalgam which
is applied to its rubber confifts of metals that are
more or lefs oxidable.

I fhall not proceed to conjecture in what manner
the oxidation of metallic fubftance can furnifh elec-
tricity, nor fhall | detain my reader any longer with
hypothefes concerning Galvanifin; a fubje& of re-
cent difcovery, of extenfive influence, and which
feems promifing of ample retompenfe to the in-
duftry of diligent experimenters ; but which is ftill
involved in much doubt and obfcurity,




SECTION 1v.

N MAGNETISM.

N hard mineral body, of a dark grey, or dark
brown, and fometimes almoft black colour,
has been called a #atural magnet, or load-fione. "This
mineral, which is an iron ore, has, from time imme-
morial, jultly attraéted the attention of mankind, on
account of the very remarkable, and very ufeful,
properties, of which it is found naturally pofieffed,
and which are thence denomiriated magnetic proper-
ties *.
~ The magnetic properties may alfo be communi-
<ated to other ferruginous bodies by proper methods;

* The word magnet is, by fome ancient writers, derived
frem the name of a thepherd, by whom they fuppefe the
magnet to have been firft difcovered on Mount Ida. It was
in ancient times more commonly called fiderites, from its
property of attralting iron, which metal is called it G,
in Greek 5 or lapis heracleus, by Pythagoras, Ariftotle,
Euripides, and others, from Heraclea, a city of Magnefia
in ancient Lydia, where it was fuppofed to have heen firft
found. It has alio in later times been called lapis nauticus,
from its ule in navigation.

{o
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fo that thofe bodies will afterwards act exattly like
natural magnets ; hence the latier are called artifi-
cial magnets, But the magnetic properties do not
feem to have any decided agency upon any other
fubftance, befides iron *; therefore the magnets,
whether nataral or artificial, and the bodies, upon
which they a&, are either iron in its pure ftate, or
fuch compound bodies as contain iron. At leaft
the exceptions are rather equivocal.

A magnet, whetlier natural or artificial, is always
pofieffed of the following charatteriftic propetties,
which are infeparable from its nature; fo that a
body cannot be called a magnet, unlefs it be pofleffed
of all thofe properties at the fame time; neither was
there a magnet ever produced which had one only
or a few of thofe properties § :

1. A magnet attra&ts iron and other ferruginous
bodies. : ’

2. When a magnet is placed fo as to be at liberty
to move itfelf with fufficient freedom, as if it be
fufpended by a thread, &c. it turns one, and con-
ftantly the fame, part of its furface towards the
north pole of the earth, or towards a point not

* The few and trifling exceptions to this general law will
be noticed in the fequel,

+ In the firft volume of the Philofophical Magazine,
page 426, it is faid that the ferpentine of Humboldt has
fome of the magnetic properties only; but the account is
imperfedt, and, in 4ll probability, incorrect,

YOL. 1ik. L L much
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much diftant from it; and of courfe it turns the
oppofite part of its furface towards the fouth pole
of the earth, or towakds a point not much diftant
fromit.  Thofe parts on the furface of the magnet
are therefore called its poles ; the former being deno-
minated its zorzh pole, and the latter its Jfouth pole.
This property itlelf is called rhe magnet's direttive
pewwer, or the magnetic polarify; and when a magne-
tic body places itfelf in that direction, it is faid to
traverfe. A plain perpendicular to the horizon, and
pafling through the poles of a magnet when ftanding
in their natural direction, is called the magnetic me-
ridian, and the angle which the magnetic meridian
makes with the meridian of the place where the
magnet {tands, is called the declination of the magnet,
or more commonly of the magnetic needle at that
place; becaufe the artificial magnets, moftly ufed for
obferving this property, are generally ‘made of a
flender fhape; and fomnetimes real fewing needles,
rendered magnetic, are ufed for this purpofe.

3. When two magnets are placed fo that the
north pole of one of them is oppofite to the fouth
pole of the other, then they attract each other; but
if the fouth pole of one magnet be placed oppofite
to the fouth pole of the other, or if the north pole of
the one be brought near the north pole of the other ;
in either cafc 2 repulfion takes place. In fhort,
magnetic poles of the fame name repel each other;
but thofe of different names attract each other.

4 When a magnet is fituated fo as to be at li-
berty
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berty to move itfelf with {fufficient freedom, it ge-
nerally inclines one of its poles towards the horizon,
and of courfe it elevates the other pole above it.
This is called the inclination, or dipping of the magnet,
or of the magnetic needle.

5. Any magpet may, by proper methods, be made
to impart thofe properties to iron, or to fteel, or, in
fhort, to moft ferruginous bodies.

The particular laws which have been afcertamed

with refpe@ to thofe properties, their vfes, and the
inftruments neceflary for thofe purpofes, will be de-
fcribed in the following chapters.

LL

w
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CHAPTER I

i : OF MAGNETIC ATTRACTION, AND REPULSION.

Piece of iron or fteel, or other ferruginous

fubftance, fufficiently {mall, being brought
within a certain diftance of one of the poles of a
! magnet, (be it arcificial or natural) is attracted by
it, fo as to adhere to the magnet, and not fuffer to
be feparated without an evident effort.

This attration is mutual ; viz. the iron attracts
the magnet as much as the magnet attrals the iron ;
for if the magnet and the iron be placed upon two
feparate pieces of cork or wood, to float upon water
at fome diftance from each other, it will be found
that the iron advances towards the magnet, as well
as the magnet advances towards the iron; or if the
iron be kept fteady, the magnet will move to-

The force or degree of magnetic attration varies
‘ according to different circumftances ; viz. a magnet
' attraéts a piece of foft and clean iron more forcibly
" than any other ferruginous body of the like fhape
and weight, efpecially fuch as are of a harder nature.
Thus hard {teel or hard iron ores are actracted lefs
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forcibly than foft fteel, and the latter lefs forcibly
than tron. Oxygenated iron is attratted lefs
forcibly in proportion as it is combined with more
oxygen.

If the piece of iron be prefented {ucceffively to
the various parts of the furface of a magnet, it will
be found that the attration is ftrongeft at the poles
of the magnet ; that it diminithes in proportion as
the part of the furface is more diftant from the poles;
and that it is hardly perceivable at thofe parts which
are equidiftant from the poles of the magnet.

The attraction is ftrongeft near the furface of the
magnet, and diminifhes as the diflance increafes;
viz. 1f a piece of iron be placed in contact wich one
of the poles of a magnet fufficiently ftrong, they will
adhere to each other, and a certain degree of force
is required to feparate them; but if the fame piece
of iron be kept at a certain diftance from the fame
pole of the magnet, there will alfo be perceived an
endeavour to aterad it; but the force neceflary to
prevent that attraction, will be found much lefs than
that which, in the preceding cafe, was found necef~
fary to feparate them; and by increafing che diftance
the attractive force will be found to diminith. Now
it is very remarkable that the law of this diminution
of the attrative force has not yet been afcertained,
notwithlanding a vaft number of experiments which
have been made exprefsiy for the purpofe. Some
philofophers have found it to decreafe in proportion
to the fquares of the diftances, others in plO]JO!'thll

L L3 i8]
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to the cubes of the diftances, and others again have
found it to decreafe according to one rario within
a certain diftance, and according to another ratio
beyond that diftance. This difference of refults arifes
from the various powers and fhapes both of the
magnets and of the iron; for as the actradtion of
the whole arifes from'the attra@ion of the parts, it
naturally follows that if you gradvally remove a piece
of iron from the magnet, the dittances between' the
neareft parts may increafe in one ratio, whilft the
diftances between other parts will increafe in ano-
ther ratio, and by changing the magnets, or the
fhapes of the iron, thofe ratios muft neceffarily be
changed.—The only thing we can fay refpeéting
this decreale is, that the attraétive force decreafes
fafter than the fimple ratio of the diflances*,

There 1s a limit in the fhape and weight of the iron
which may be moft forcibly attraced by a given
magnet ; viz, more forcibly than a fmaller or larger,
a more or lefs, extended piece of iron ; but this limit
can only be determined by aftual experiments, A
fingle piece of iron is ateratted more forcibly than
if it be divided into feveral parts, and all thofe pares
be prefented to the fame magnet.

The attraction between the different poles of two

* Such experiments are made by faftening a magnet to
oncarm of a balance, by placing the iron at different diftances
below the magnet, and by counterpoifing the attradlion with

weights in the oppofite fcale of the balance, ,
magnets
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magnets has been found to begin from a greater
diftance, but to be lefs powerful when in contact,
than between foft iron and a magnet.

Magnetic repulfion takes place cnly between fi-
milar poles of different magnets. Thus, if the
north pole of one magnet be oppofed to the north
pdedamﬂmrm%mﬂ;orﬁtm:mthMcbc
oppofed to the fouth pole, then thofe magnets will
repel each other, and that nearly with as much force
as the poles of different names would attract each
other*. But it frequently happens, that . though
magnets are placed with their like poles towards
each other, yet they ecither attralt each other, or
fhew a perfect indifference. Thefe phenomena feem
to contrad:@ the above-mentioned general law; but
the following faéts will remove the difficuley :

W hen a piece of iron, or of any other fubftance
that contains iron, is brought within a certain dif-
tance of a magnet, it becomes itfelf a magnet, having
the poles, the attraétive and repullive properties,
&ec. like another magnet. That part of it which
is neareft to the magnet, acquires a contrary pola~
rity, and the oppofite part, the fame polarity. Thus,
if AB, fig. 1, Plate XXV. be an oblong piece
of iron, and be brought near the north pole, N, of

+ The decreafe of this repulfive force, according to the
increafe of the diffance between the two magnets, 15 as
irregular as the above-mentioned decreafe of the attradlive
force.

LL4 the
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the magnet NS, then this piece of iron, whilft
ftarding within the magnet’s {phere of action, will
have all the properties of a real magnet ; and its
end A will be found to be a fouth pole; viz. con-
trary to the neareft pole N of the magnet ; whilft

the end B is a north pole.  How this js to be made
evident will be fhewn in the fequel,

The magnetifm which is acquired by being placed
within the influence of a magnet, in {oft iron, lafts
only whillt the iron continues in that ituation, and
when removed from the vicinity of the magaet
magnetifm vanithes immeédialy, B

s LS
ut the cafe is
quite different with hard iren, and elpecially with
hard fleel; for the harder the iron or the fteel is,
the more permanent is the magnetiim which it ac-
quires from the influence of a*magnet; but it will
be in the fame proportion more difficult to re
it magnetic. If, for inflance, a {uft piece of iron
and a piece of hard fteel, both of the fame fhape and
fize, be brought within t}

nder

i€ influence of a magnet
at the fame diftance, it will be found that the iron is

attratted more forcibly, and appears more power-

fully magnetic than the fteel ; but if ¢

e magnet be
removed, the foft iron will in

(antly lofe its mag-
netifm, whereas the hard fteel will prelerve it for a
fong time, having thereby become an artificial
magnet,

From thofe fats three con fequences are evident-
ly deduced, viz. 1/, That there is no magnetic at-

traction but between the contrary poles of magnets:

for
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for the iron or other ferruginous body, wh'ch is pre-
fented to the magnet, muft itfelf become a mugnet
before it is attraéted ; 2dly, It appears why a mag-
net attracts a piece of foft iron more fireibly than
hard iron, and much more* than hard fteel ; viz,
becaufe the latier does not become fo ftrongly or fo
eafily magnetic as the foft iren, when prefented toa
magnet ; and gdly, that no magnetic repulfion can
take place but between poles of the fame name; for
when the north pole, for inftance, of one magnet
does not {eem to attract or repel, or it aftually at-
trats what was ca i d the north pole of the other
magnet ; the faét is, eirher that the two north, or
the two fouth pcies have deftroyed each other; oz
that the fuperior force of one of the magnets has
attually changed the po]-fs of the weaker magnet;
as is, beyond a doubt, proved by experifments.
Neither the magnetic attration nor the magnetic
repulfion is in the leaft diminithed or otherwife af-
fected by the interpofition of any fort of bodies, ex-
cept iron, or fuch bodies as contain iron.
The properties of the magnet are not affected
either by the prefence or by the abfence of air.
Heat wca"ms the power of a magnet, and the
fubfequent refrigeration reftores it, but not quite to
its priftine degree.” A white heat deftroysit entirely
or very nearly fo; hence it appears, that the powers
of magnets muft be varying continvally. Iron in a
full red heat or white heat, (as I found by means of
very decilive experiments) is not attracted by the
magnet ;
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magnet ; but the attraGion begins to act as foon as
the rednefs begins to difappear *.

The attractive power of a magnet may be in-
creafed confiderably by gradually adding more and
more weight to it ; keeping it at the fame time in a
proper fituation, viz. with its north pole towards the
north, &c. #nd on the contrary, that power may
be diminifhed by an improper {ituation, and by
keeping too fmall a piece of iron, or no iron at all,
appended to 1t

It feems that in thefe northern parts of the world,
the north pole of a magner has more power than its
fouth pole, whereas the contrary effeét has been
faid to take place in the fouthern parts of the
world.

Amongft the natural magpets, the finalleft ge-
nerally poffefs a greater attraclive power in propor-
tion to their fize than thofe of a larger fize. T have
feen a fimall magnet that weighed about fix or feven
arains, and which could lift a weight of about 300
grains. Magnets of above two pounds weight fel-
dom lift up ten times their awn weight of iron,

It frequently happens, that a natural magnet, cut
off from a larger load-ftone, will be able to lift a
greater weight of iron than the otiginal load-ftone
itfelf. This muft be attributed to the heterogeneous

+ See my Treatife on Magnetifm, 3d edition, Part IV.
Chap, IV. for farther particulars relative fo it,
nature
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nature of the original load-ftone, of which the part
cut off may be the pureft.

As both magnetic poles together attra¢t 2 much
greater weight than a fingle pole, and as the two
poles of a magnet generally are in oppofite parts of
its furface, in which cafe it is almoft impofiible to
adapt the fame piece of iron to them both at the
fame time ; therefore it has been commonly prac-
tifed to adapt two broad pieces of foft iron to the
poles of the ftone, and to let’ them preject on one
fide of the {tone ; for thofe pieces become themfelves
magnetic while thus fitvated, and to them the
piece of iron or weight may be eafily adapted.
Thofe two pieces of iron arc generally faftened
upon the ftone by means of a brafs or filver box.
"The maguer in this cafe is faid to be armed, and the
two pieces of iron are called the armature.

Fig. 2, Plate XXV. reprefents an armed mag-
net, where A B is the load-fione, C D, CD, arethe
armature, or the two pieces of foft iron, to the pro-
jetions of which DD the iron weight F is to be
applied. The dots ECDCD reprefent the brafs
box with a ring at E, by which the armed magnet
nay be fufpended.

Artificial magnets, when ftraight, are fometimes
armed in the fame manner; but they are frequently
made in the fhape of a horfe-fhoe, having their
poles at the truncated extremities, as at N and S,
fig. 3, Plate X XV. in which fhape it is evident,
that they want no armature.

It
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It has been faid above, that the magnet attradts
iron only, or fuch bodies as‘contain iron; and as
iron is univerfally difperfed throughout the natural
bodies, it 1s evident that a vaft number of bodies
muft on that account be attraéted by the magnet
more or lefs forcibly, in proportion to the quantity
and quality of the iron they contain. Indeed it is
wonderful to obferve what a fimall admixture of iron
will render a body fenfibly attraible by the magnet.
Yet it muft be acknowledged, that though every
body which contiins iron is in fome meafure at-

tratted by the magnet, it does not follow that na

other body can be attratted by it. Experience
thews that a vaft number of fubftances are in a
very flight degree ‘attraltible by the magnet, and
thofe fubflances feem to contain either no iron at all,
ot an exceedingly {mall quantity of it, extremely
diffufed and oxidated. To manifelt this finall de-
gree of attraction, the fubftances muft be placed
upon a piece of paper or a light fhaving of cork, to
float upon water, and a itrong magnet muft be gently
approached, fideways, within fometimes a tenth of
an inch diftance from the {ubftance under trial, In
this manner it will be found that the following fub-
ftances are in fome meafure affeéted by the magnet ;
viz. moft metallic ores, efpecially after their having
been expofed to a fire.  Zine, bifinuth, and particu-
larly cobalt, as well as their ares, are almoft always
attracted.  Of the earths, the coleareous is the leaft,
if at ull, and the filiceous is the moft frequently, at.
tracted.
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tra&ted. The ruby, the chryfolite and the tourmalin
are attrafted, The emerald, and particularly the
garnet, are not only attracted, but frequently ace
quire a permanent polarity, The opal is weakly at-
wracted. Amber and other combuftible minerals are
attratted, efpecially after combuftion. Moft animal
and vegetable fubftances after combuftion are at-
tratted. 'Even foot, and the duft which ufually falls |
upon whatever is left expofed to the atmofphere,
are fenfibly attracted by the magnet %,

About 15 years ago, 1 difcovered feveral re-
markable faéts relative to magnetic attraction; the
principal of which are as follows :

1f moft fpecimens of brafs, which fhew noattraction
towardsthe magnet, be hammered (viz. be hardened by
being beat with a hammer or with a ftone or other-
wife) will in that hardened ftate be attratted. The
fame piece of brafs will no longer be attracted after
being foftened in the fire; a fecond hammering
will again render it attraclible, and fo on repeatedly.

Moft of the native grains of platina have the fame
property, viz. hammering renders them attractible
by the magnet; and heat deprives them, as well as
brafs, of that property. |

* See Brugman De Aflinit. Magnet. Fhis author’s
experiments were publithed fome years ago ; and lately the
fame {light attraction has been {hewn under ancther fhape,
as a new difcovery. See La Decade Philofopbigue, N° 215
or the Journals of the Britifh Royal Inftitution, N° 8.

The
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1 The attrattion between iron and the magnet, is
Increafed by the aflion of the nitric, and particularly
of the fulphuric acid upon the iron, during the
effervefcence. For this purpofe the iron was placed
in a proper veflel near one end of a magnetic
needle, (viz. 2 magnetic bar lightly fufpended) which
was a lictle defletted from its naturai direion by
the proximity of the iron ; but when diluted ful-
phuric acid was poured upon the iron, and the of
fervefcence took place, the magnetic needle moved
a little towards the iron, fhewing that the attra&tion
was increafed by the action of the acid. ‘The nitric
acid produced the like effe@, but not fo powerfully.
When the effervefcence was nearly finifhed, the
needle was found to ftand farther from the iron than
it did before the acid was poured upon the iron ;
which was certainly owing to the iron remaining in
an oxygenated ftate *,

* For farther particulars refpecting thofe difcoveries, fee
the Philofophical Tranfations, vol, 76 and 77, or my
Treatife on Magnetifin.




CHAP IL

QF THE MAGNETS DIRECTIVE PROPERTY,
OR POLARITY.

N O magnet is without a fouth and a north pole ;
but it frequently happens that the fame mag-
net has more than two poles ; viz. two.or more
north poles, and as many, or ar leaft as many, and
one more or lefs, fouth poles, on different parts of
its furface ; and this principally arifes from the irre-
gular fhape of the magnet.

"Thofe various poles are afcertained by prefenting
the various parts of the furface of the magnet in
queftion toa given pole (for inftance, the north) of
a flender magnet lightly fufpended, and obferving
which parts attract it and which -repel it ; for the
latter muft be north poles, and the former, fouth
poles.

It fometimes happens, though not frequently,
that two poles of the fame name, and equally pow-
erful, are at the oppolite extremities of a magnet,

and a pole of the other name lies ‘'n the middle, in
which cafe the magnet has no tendency to place it-
felf in the magnetic meridian. But good magnets,
of an uniform texture and fhape, have two poks

only,
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only, which lie at oppofite parts of their furfaces; fo
that a line drawn from the one to the other, pafles
through the centre of the magnet®. That line is
called the axis, and a line formed all round the fur-
face of the magnet, by a plane which divides the
axis into two equal parts, and is perpendicular to
it, is called the eguator of the magnet. Thus phi-
lofophers have appropriated to the magnets, the
poles, the equator, as allo the meridians of the
earth ; but, to complete the fimilarity, magnets
have often been made of a {pherical fhape, with the
poles, the equatot, the meridians, 8c. marked upon

-their furfaces. 'When thus thaped, they have been

called terrellas, that is; fmall earibs.

When a magnet having two poles is freely fuf-
pended, or if it be placed to foat upon water and
no iron be near, it will place itfelf in the magnetic
meridian, viz. with its north pole towards the
northern, and of courfe with its fouth pole towards
the fouthern parts of the world, and that in every
part of the world.

This wonderful property of the magnet forms the
moft ufeful part of the fubject of magnetifim, It

* Here it muft not be underftood, that the polarity of 2
magnet refides only in two points of its furface ; for,. in
truth, it is the half; or a great part of the magnet, that is
pofieffed of one polarity, (viz. has the property of repelling:
the like pole of ansther magnet) and the reft of the magnet
is pofieflel o the «ther p larity; the poles then are thofe
pois.ts in which that power is the ftrongeft,
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1s this property that enables the mariners to conduét
their veflels through vaft-oceans, out of the fight
of land, in any given dire€tion ; this dire&tive prd—
perty guides the miners in their fubterranean exca-~
vations, and the traveller through deferts otherwife
impafiable.

The general method is to keep a magnet, be it
artificial or natural, freely fufpended, which in that
cafe will place itfelf very nearly north and fouth
then the navigator, by looking at the direétion of
this magnet, may {leer his courfe in any required
direction. Thus if a veffel fetting off from a certain
place, muft go ro another place which lies exactly
weftward of the former ; the navigator muft dire®
it fo, that its courfe may be always at right angles
with the direction of the magnet, keeping the north
end of the magnet on the right-hand fide, and of
courfe the fouth-end on the left-hand fide of the
veflel ; for, as the magnet or magnetic needle lies
north and fouth, the direction eaft and weft, which
is the intended courle of the veflel, is exattly per-
pendicular to it. A little reflexion will eafily thew
how the veffel mult be fteered in any other diretion.

An artificial fteel magnet, fitted for this purpofe
in a proper box, is called the magnetic needle, or the
mariner’s compafs, or Jea compafs, or ﬁ_f“PlY the

compafs *.
Though

* It is not precifely known, when and by whom this
wonderful property of the magnet was difcovered. ‘The
voL. I, M M moft
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Though the north-pole of the magnet in every
part of the world is directed towards the northern
parts, and the fouth pole towards the fouthern
parts ;- yet that direGion feldom is exaétly in the
direction of the poles of the earth. In other words
the magnetic meridian, and the real meridian in any
given place, feldom ceincide. The angle which
they make is called the angle of declination, or the de
clination of the magnetic needle, and this declination is
faid to be eaff or wef, according as the north pole
of the needle is eaftward or weftward of the aftronos
mical meridian of the place.

This declinationis different in different places on
land, as well as at fea; and is, befides, continually
varying in the fame place. For inftance, the decli-
nation in London is not the fame as at Paris, or as
in India; and the declination in London, or in any
other place, at this time, is not the fame as it was
fome years ago, The change, or the variation of
the declination may be obferved even in one or two
hours time ; or more properly fpeaking, the mag-
netic meridian in any one part of the world is con-

moft probable accounts fcém to prove that this direftive pro-
perty of the magaet was known early in tiie 13th century 3
and that the perfon who firlt made mariner’s compaffes, at
leaft in Europe, was 2 Neapolitan of the name of Flavio,
or John de Gioja, or Giova, or Gira, who likewife lived
in the 13th century. See my Treatile on Magnetifm for
farther hiftorical particulars,

rinually
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tinually fhifting its fitvation®.  This is not owing
to the various conftruction of the magnetic needle;
for in the fame place and time all good maghetic
needles are direCted the fame way.

The declination and the variation of the declina-
tion in different parts of the world is o uncerrain as
not to be forerold ; an actual trial 1s the only me-
thod of afcertaining it. This therefore forms a
great impediment to the perfetion of navigation.
1t is true that navigators and other obfervers endea-
vour to afcertain the declination in various parts of
the world, and {uch declinations are fet down upon
maps, charts, in books, &c. but on account of the
continual variation, they can only ferve for a few
years t; nor has it as yet been difcovered that this

* This variation of the declination was difcovered
by Columbus, in his firft voyage to America in the year
1492.

4+ The beft charts of magnetic declination, are a chart by

. Dr. Halleyy which was formed upon the obfervations made
in the beginning of the lalt century, and a chart formed by
Mefleurs Mountaine and Dodfon, which contains the ob-
fervations made  in the year 1756. In thofe charts the ob-
fervations are marked by means of dots, and a line is drawn
through 2ll the dots, which indicate the fame declination ;
but it is continued farther by conjeQure or guefs; thus va-
rious lines are drawn indicating the various declinations
The line of places, whereupon the magnetic needle points
due north and fouth, is called the Jine of no declination. 1t
is obfervable that thofe declination lines, though in fome
places very crooked, never crofs each other.

MM 2 ~yariation
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variation or fluctuation is fubject to any law or pe-
riod, though various hypothefes have been offered

to the public.

The following Table contains the declination of
the magnetic needle ac different places upon the
earth, as obferved in the annexed years. N, B. By
eaft or weft declination it is meant that the north
end of the needle inclines eaftward or weftward of
the aftromomieal meridian.

Latitude North. | LongitadeWet, I)cc{i‘i;.xifiun ‘;::::;;:;:’ii?;x;g:'
7ok ¥yt | 163%, 248} -3¢% 21, - 2779
69 38 |164 11]|31 of 1978,
66 39 167 5§51 27 %0
65 43 (170 34|27 58
63 58 [165 48| 26 23
59 -39 |149 8} 22 g4
58 14 (159 19| 24 40|
§5 12 135  ©f 23 - 2y|
535 .37 1134 53420 .32

Wetlt
50 8 4 40/ 20  36{ 1776
48 44| 5 o022 38
40 41 | 11 10| 22 27 .
33 45 | 14 50| 18 7
J1 8 | 15 30] 17 43
28 30 17 o 14 6!
22 54 | 18 20{ 15 4
20 30 | 20 3| 14 35§
19 45§ 2 B NNET T
10, 37 | 22 5010 33
15 25 {23 36{ 9 15
I3 32 | 23 45| 9 25
12 21 | 23 541 9 43
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Lageie N, | ongissewer| Pgzen [Ty oo i
il
5 SUE b7 AR o BT 1776. ,i;
B 29 } i
6 f; 50 5? 3 ii (continued.) i
4 .23 |21 2{ 9 1 il
3 45|22 34| 8 297 '
2 .40 (24 10{ 7 42 ¥ i
14 | 26 2 § 3% T
© §1|27 10| 4 %9 il
o 2 (o} R el }‘
South, i
gt v I MR ) O A £ f*
2 48 |2 37 2056 f
3 37130 14| 2 14 | !
4 22|30 291 2 54 ‘ il
s o |31 40 1 26 I {J
6 0|32 50 o 6 i ?!
Eaft. rl
6 45|33 30|00 35 | [
Weft. !
7 50 {34 20| Q0 7 |
8 43|34 20|00 15 ;
Eaft. } ‘
9 1|34 §o|c0 44 -
Wett. ’
10 4034 49|0%0 38 !
Eaft. |
12 40134 49| 1 12 ‘ l
137 .23 134 49| *r .1 i
14, AL L340 390 T G 1
15 33|34 4° I 15§ 7
6 12735 20| 2. 4
18 30 35 50 3 2 B
20 8 | 326 I 5 26
21 3713 9| 3 *4
24 17 | 36 o A%
26 47 (34 27| 3 44

M M3 2§°
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Lutitade North, | LongitudeWen,| Declination |¥ears in which the Ob
‘. Eaft. o[ fervations were made.
v ),
l 982 S XN 322 2l 1% 48 1776.
i 0., 2 26 28 | 2 3
| 3 5 ‘ We &7 ( continued.)
! 33 43|16 301 4 44
35. 37 5E1308 Sais
i 38 £2 1 23 20 (22 13
it Eaft. Eaft,
i 40 36 1173 34 |13 47
i 42 g e TraaIg o 1y
'i Weit.
44 352|155 47 28
4615|144 50 |14 48
) 48 41| 69 10 {27 39

Declination
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Declination obferved in London at different. Times.

Years, 1576
1580
1612
1622
1633
1634
1657
16635
1666
1672
1683
1692
1700
1717
1724
1725
1730
1735
1740
1745
1750
1760
1763
1770
1774
1775
1780
1785
1790
$195
§800

11°
0

0 GNP B o OB DY

15

i1

10 0.0
Eaft Declination.

o
5
5

Weft Declination,

MM 4 From
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From the laft Table it appears, that when the
variation was firft obferved, the north pole of the
magnetic needle declined eaftward of the meridian
of London ; but it has fince that time been ad-
vancing continually towards the weft ; fo that in
the year 1657, the magnetic needle pointed due
north and fouth. At prefent it declines about 24°2
weftward, and it feems to be ftill advancing towards
the wett,

It appears likewife, that the annual variation is
by no means regular, and fuch is likewife the cafe
with the daily or hourly variation ; which though
evidently influenced by heat and cold, does not
however follow any known law.

The firfl of the following Tables contains a fpe-
cimen of hourly variation, as obferved by the late
ingenious Mr. Canton, F. R.S. The fecond fhews
the mean variation for each month in the year, as
deduced from the fame Mr. Canton’s numerous
oblervations *,

* Philofophical Tranfa&ions, vol. LI,
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The Declination obferved at different Hours of the fame

Day, viz. june the 27th, 1759.

Hours. Minutes| Declin. Wet| Deg. of Fahien, Therm
(o 18|19° 2 |62
6 4|18 58 |62
8 30|18 5565

Morning 4 - -
°) -9 2|18 5467

10 2018 57 |69

11 40|19 4 | 683

r o solig ‘9|70

1 38|19 8|70

Afternoon ! 3 19|19 168
1 7 20|18 359 | 61

9 12[{19 6359
11 40|18 g1 | 57%

The mean Variation for each Month in the Year.

January - - ol
February - - 8 58
March - - I 17
April - - 12 26
May v - (e S e
June - - 13 21
July - - 13 14
Auguft - - 12 19
September - - 1T 43
O&ober - -+ 30 36
November - - 8 9
December - - 6 58

The
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The following are axioms refpe@ing the declina-
tion of the magnetic needle colleGted by L. Cotte;
to which he adds cthers refpefting the northern
lights; as being concerned in the movements of
the needle.

I. “ The greateft declination of the needle from
the nerth towards the welt, takes place about two
in the afternoon, and the greateft approximation of
it towards the north, about eight in the morning;
1o that from the laft mentioned hour ¢ill abour two
in the afternoon, it endeavours to remove from the
porth, and between two in the afiernoon and the
Next morning, to approach it.”

2. “ The anpual progrefs of the magnetic needle
is as follows:—Between January and March, it re-
moves from the north ; between March and May
3t approacies it; in June it is ftationary ; in July it
remcves fromit; in Auguft, September, and O&o-
ber, it approaches it ; its declination in O&ober is

the fame as in May ; in November and December
i removes from the north: its greateflt weftern de-
clination is at the vernal equinox, and its greateft
approximation to the north, at'the autumnal equi-
nox,”

3. “ The declination of the magnetic needle is
different, according to the latitude: among us it
his always increafed fince 1657 ; before that period
it was eafterly.” -~

¢ Before volcanic eruptions and earthquakes,
the magnetic needle is often fubject to very extraor-
dingry movements.”

£.. % The
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5. “ The magnetic needle is agitated before and
after the appearance of the northern lights: its de-
clination on thofe occafions s about noon greater
than ufual.”

6. © The greater or lels appearance of thefe
northern lights is variable : fome years this pheno-
menon is very frequent, in others uncommon; for
two or three years they have occurred very fel-
dom.” \

7. « The northern lights are more frequent about
the time of the equinoxes than at other periods of
the year.”

8. « This phenomenon is almoft conftant dur-
ing the long winter in the polar regions, and is the
more uncommon the nearer the equator.”

9. “ Southern lights have been obferved alfo in
the regions near the fouth pole.”

10. “ The northern lights are often accompa-
nied with lightning, and a noife like that of eleétri-
city ; while the lightning proceeds partly from the
middle of the northern lights, and partly from the
neighbouring clouds.™
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CHAP IL

OF THE MAGNET'S INCLINATION, OR OF THE
DIPPING NEEDLE,

\r[;ﬁ KE aglobular magnet, or, whick is more
eafily procured, an oblong one, like SN,
fig, 4, Plate XXV.; the extremity N of which
15 the north pole, the other extremity S, is the fouth
pole, and A is its middle or equator ; place it hori-
zontally upon a table CD ; then take another fmall
oblong magnet #5, (viz. a big of fteel wire, or a
{mall fewing needle magnetized) and fufpend it by
means of a fine thread tied to its middle, fo as to
remain in an horizontal pofition, when not difturbed
by the vicinity of iron, or other magner. Now if
the fame fmall magnet, being held by the upper part
of the thread, be brought juft over the middle of
the large magnet, within two or three inches of it,
the former will turn its fouth pole s, towards the
north pole, N, of the large magnet; and its north
pole #, towards the fouth pole S, of the large one.
It will be farther obferved, that the fmall magnet,
whillt kept juft over the middle A of the large one,
will remain parallel to it ; for fince the poles of the

5

{mall
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fmall magnet are equally diftant from the contrary
poles of the large magnet, they are equally at-
tralted. But if the fmall magnet be moved ,
little nearer to one end than to the other of the
large magnet, then one of its poles, namely, that
which is neareft to the contrary pole of the large
magnet, will be inclined downwards, and of ceurfe
the other pole will be elevated above the horizon.
It is evident that this inclination muft increafe ac.
cording as the fmall magnet is placed nearer to one
of the poles of the lurge one, becaufe the attradtion
of the neareft pole will have more power upon it.
If the {fmall magnet be brought juft oppofite to one
of the poles of the large magnet, it will turn the
contrary pole towards it, and will place itfelf in the
fame ftraight line with the axis of the large magnet.
N.B. All thofe fituations are reprefented in the
figure.

After having obferved this very ealy experiment,
the reader may eafily comprehend the phenomena
of the magnetic inclination, or of the dipping needle
upon the furface of the carth; for he needs only
imagine, that the earth is the large magner, (as in
truth it 1s) and that any magnet or magnetic needle
commonly ufed, is the fewing needle of the pre-
ceding experiment; for admitting that the north
pole of the earth is poflefled of a fouth magnetic
polarity, and that the oppofite pole is poflefed of a
north magnetic polarity, it appears, as is confirmed
by atual experience, that when a magnet or mag-

netic
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netic needlé, properly thaped and fufpended, s kept
near the equator of the earth (or, more properly
{peaking, near the magnetic equator of the earth ;
fince neither the magnetic equator, nor the mag-
netic poles of the earth; coincide with its real equa-
tor and poles) it muft remain in an horizontal fitua-
tion; if it be removed nearer to one of the magnetic
poles of the earth, it muft incline one of its extre-
mities, namely, that which is poffeffed of the con-
trary polarity ; and the faid inclination muft increafe
in proportion as the needle recedes from the mag-
netic equator of the earth.  Laftly, when the needle
is brought juft over.one of the magnetic poles of
the earth, it muft ftand perpendicular to the ground.

A magnetic needle, properly made and {ufpended
for the purpofe of fhewing this property, 1s called
the dipping needle, and its direction in any place is
called the magnetical line.

My reader muft not be furprized to hear, thata
Jfouth magnetifim is ateributed to the morth pole of
the earth ; it being only meant, that it has a mag-
netic polarity contrary to that end of the magnetic
needle, which is dire¢ted towards it; and, as we call
the fame end of the needle a north magnetic pole,
we muft of neceffity atrribute a contrary polarity ;

viz. a fouth magnetic polarity to the aftronomical
rorth pole or northern parts of the earth, It follows
that the aftronomical fouth pole or fouthern parts
of the earth, mufl be poffeffed of north magnetic
polarity.

If
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f the aftronomical poles of the earth coincided

)

with its magneric poles; or even'if the magneric
poles flood conftantly at a fixed diftance from them,
the mnclination of the needle, as well as its declina-
tion would remain unalterable ; hence, from ob-
ferving the direction of the magnetic needle in any
particular place, the latitude and longitude of that
place might be afcertained ; but the cafe is far dif-
ferent; f r the magneric poles of the edrch do not
coincide with its real poles ; they neither are equi-
diftant from them; and in fad they are continually
fhifting their places; hence the magnetic needle
changes continually and irregularly, not only its
horizontal direétion, but likewife its inclination,
according as it is removed from one place to an-
other, as alfo whilft it remains in the very fame
place. However, the change of dip or of inclina-
tion in the fame place is very trifling. In Lordon
about the year 1576, the north pole of the dipping
needle ftood 71° §o” below the herizon, and in the

year 1773 it ftood at 72° 3.5 the whole change of

‘inclination during fo many years amounting to lefs
than a quarter of a degree, allowing the accuracy
of the obfervations.

The
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The following Table contains a few obfervations
on the inclination of the needle in various places.

, | # The North | Years in which
Latitude Lonpitude Eid of the the Oblerva-
North. Ealt, Needle below | tions were

the Horizon. | made
53° 55 |193° 39 | 6g9° 10 | 1978.
49 36 |233 10| 72 29
Weit.
44 5 8 10| 71 34 | 1776.
38 53 12 1 20 30
3% =57 14 8 | 66 12
29° 18 | 16, 7| .62 .17
23 2 18 11 59 ©
20 47 | 19 36 | 56 15
15 3 23 3% 51 ©
12 I 23 35 | 48 26
X0 O 8%, g2 g, 12
2 20 10"|- 37 2%
Souih.
Blargir-ay 3890 3
i btz 340 22 X5
7 3|33 2 17 .. 87
kL RS J¥ 2471 9 I3
Falt .Sobuth End
elow.
16 45 |208 12 | 29 28
19 48 204 11 41 o
21 8 |185 o | 39 1 1777
35 55| 18 20| 45 37 | 1774
41, 5 |174 13 | 63 49 | 1777
7 |166. 18 | 70 5




CHAP. IV
OF COMMUNICATED MAGNETISHM.

¥ T has been already mentioned, that when a fef-
ruginous body comes within a certain diftance

of a magnet, it becomes itfelf a magnet; alfo that
this magnetifm is more eafily communmnicated, buit
at the fame time more eafily loft by foft iron than
by fteel. Hence it appears that the beft method of
making artificial magnets, cohfifts in applying one
or more powerful magtets to pieces of the hardeft
ftec]l, becaule thofe pieces will thereby acquire 2
confiderable magnetic powet, and will retain it for
a very long time, In this operation care muft be
had to apply the dorth pole of the magnet or mag-
hets to that extremity of the piece of fteel which is
required to be made the fouth pole, and to apply
the fouth pole of the magnet to the oppofite extre-
mity of the piece of fteel. In the {fame mannera
weak magnet may be rendered more powerful by
the application of ftrohger magnets, of its power
may be reftored when loft.—A magnet, by com-
municating magnetifm to other bodies, has its own
power rather increafed than diminithed, — There
vOL. IIL N N are,
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are feveral methods of performing this operation';
we fhall defcribe the beft prefently ; but let us pre-
vioufly take notice of what is commonly called the
method of magnetizing fleel without any magnet.

Strictly fpeaking, thls method does not exift; for
there is no magnetifm communicated but by the
aftion of another magnet; and in the above-men-
tioned method the magnetic power is originally
commumicated from the earth, which isa real mag-
pet, as is evidently and eafily thewn by the follow-
ing experiment.

Take a firaight bar of {oft iron (one of two or
three feet in length, and about three quarters of an
snch in diameter, or a comrmon iron kitchen poker,
will anfwer perfectly well), and, in theflz northern
parts of the world, if you keep it in- a vertical pofi-
tion, viz. with one end A towards the ground, and
with the ether end B upwards, you will find that the
bar in that fituation is magnetic; the lower extre-
ity A being a north pole, capable of attracting the

fouth pole of a magnetic needle, and of repcllmb
the north pele of the needle ; and the upper extre-
mity B being a fouth pole.—If you invert the bar,
viz. place it with the extremity B downwards, its
polarlcy will be inftantly reverled, viz. the extre-
- mity B, which is now the loweft, will be found. to .
be anorth pole, and the extremity A-a fouth pole *.

% An ironbar of four or five feet i length, and above an
“jnch thick, when placed in this fieuation, will be capable of
attra®ing a fmall bit of iron, or a fmall commen fewing

neaille.

The
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The explanation of this curious phenonienon is
eafily deduced from the preceding laws; for fince in
thefe northern parts the earth is pofleffed of a fouth
polarity, the loweft part of the iron bar, by being
hearelt to it, muft acquire the contrary, viz. the
nofth polarity ; the other extremity of the bar be-
coming of courfe a fouth pole. It follows likewife
(and it is confirmed by aétual experiments) ;- 1k,
That in the fouthern parts of the earth the loweit
part of the iron bar acquires the fouth polarity 3
adly; That on the equator the iron bar muft be
kept horizontal; in order that it may acquire mag-
hetifm from the earth; and 3dly, That even in
thefe parts of the earth the moit advantageous fitu~
ation of the bar is not the perpendicular, but a little
inclined to the horizon. In fhort, in every part of
the world the iron bar muft be placed in the mag-
petical line; viz. in the direction of the dipping
needle.

A bar of hard iron, of of fteel, will not anfwer
for the above defcribed experiment, the magnetifm
of the earth not being powerful enough to magne=
tize it.

After this experiment it will be eafily underftood
that permanent magnetifm may be communicated
in a variety of ways. Thus bars of iron which have
frood long in a pretty favourable diretion, viz.
either north and fouth, or perpendicular; &c, gene-
rally acquire a permanent magnetifm, for the con-
tinual action of the earth’s magnetifm daily commu-

NN2 mjcates
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nicates more and more power to it, at the fame
timme that the iron, efpecially if it be not very foft;
grows rather harder by rufting, or working, &c.

If an oblong piece of pretty hard iron be made
red hot, and then be left to cool in the magnetical
line, it will thereby acquire a degree of permanent
magnetifin.

If an iron bar, whillt ftanding in the magnetical
line, be ftruck forcibly and repeatedly with an ham-
tmer on one of its ends,. it frequently acquires per-
manent magnetifim from it.  In fhore, whatever
feems to render the iron or the fteel more fulcepti-
ble of magnetifm (be it heat, or vibration, or
friftion), if adminiftered whillt the iron or fteel is
in the proper diretion, is likely to fix the mag-
netifm in it; hence an eleétric fhock, ora ftroke of
lightning, . or drilling, hammering, &c. frequently
magnetizes the tools themfelves, or orher picces of
iron and fteel concerned.

When 2 magnet is applied with one of its poles
to one extremity of a pretcy long fteel bar, the latter
will thereby acquire a permanent degree of mag-
netifm ; but it will be found to have feveral poles;
viz. the end which has touched the magnet will be
foumd poflefled of the contrary polarity (fay for in-
ffance, north); a lictle farcher on, 1t will be found
. poffefied of the fouth polarity ; fome way beyond
that you" will find another north polarity, and {or
forth alternately, But if the bar be not very longy
then 1t will be found poffefied of two poles only, vize
a north
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2 north pole at one end, and a fouth pole at the
other; which thews that there is a limitin the length
of the bat, which renders it the moft eligible for an
artificial magnet.

A magnet cannot communicate a degree of mag-
netifm ftronger than that which itfelf poffefies; but
two or more magnets joined together may commu-
nicate a greater power to a piece of {teel, than cither
of them poflefies fingly hence we bave a method of
conftruéting very powcrful magnets, by firft con-
firufing feveral weak magnets, and then joining
them together, to form a compound magnet ; and
to a& with great power upon a piece of fieel.

Since a bar of foft non, fituated in the magnetical
line, is rendered magnetic by the earth; therefore,
if in that fituation we apply a fmall bic of fteel, or
a common fewing needle to ir, this ncedle will
thereby acquire a permanent degree of magnetifm,
and thus feveral needles may be rendered mag-
netic; then, by joining thofe needles together in a
little bundle, you may with them magnetize {everal
larger picces of {teel, each of which will acquire
more power than any of the fingle needles. = With
thofe pieces of fteel, joined together, you may mag-
netize bars ftill larger, and fo forth.—The needles
might alfo be magnetized "by means of eleltric
fhocks, or by hammering; for a fiart {troke of a
hammer will frequently render a fiall needie mag-
aetical.  But without infifting any longer upon
thofe various methods, I fhall fubjoin Mr, Canton’s

2 NN 3 procefs
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procefs for conftructing magnetical bars, the ratio«
nale of which will be eafily deduced by the ingenious
reader from the preceding particulars,

According to Mr, Canton *. Let fix bars be
made of foft fteel, about 3 inches long, % inch
broad, and . inch thick. Ler alfs fix other fteel
bars be made quite hard, and about fix inches
long, half an inch broad, and qne eighth thick.
Each of thofe fets of bars muft have two pieces of
foft iron called fiupports or condusFors, both equal to
one bar of the refpective fer, One end of each of
thefe 12 bars muft be marked with a line, which
end is to become the north pole. Have ready
alfo an iron poker and tongs that have been long
in ufe.

Place the poker nearly upright, or rather in the
magnetical line, with its point downwards; and let
one of the foft fteel bars be tied, by means of a
thread, to the middle of it, and with the marked
end downwards ; then with the lower end of the
tongs held alfo in an upright pofition, or inthe mag-
netical line, firoke the fteel bar from the marked
end upwards, abour 14 times, on both fides, which
wiil give it power cnough to keep fufpended a frmall
key. Thus communicate the magnetifin to four of
~ the fmall bars,

This done, lay the two cther fmall bars on a table
parallel to each other, about a quarter of an inch

§ Phil. T'ranf, for the years 1751 and 1752.
Y afugdcri
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afunder, and Between their iron conduflors A B,
CD, fig. 5, Plare XXV, raking care to place
the 'marked end of one of the bars on one fide, and
the marked end of the other bar on the oppofite
fide. Now place the four bars, already made mag-
netic, in the form fhewn in fig. 6, Plate XXV,
viz. two with their north poles downwards, and
the other two with their fouth poles downwards.
The two of each pair muft be placed breadth to
breadth, and the two pairs being put contiguous to
each other at top, muit be kept open at a {imall an-
gle by the interpolition of fome hard fubftance I.
This fort of compound magnet, formed of the four
bars, muft be placed with its aperture on the middle
of one of the foft bars AC, taking care to let the
fouth poles H be towards the marked end of the bar
A C, aud the north poles ¥ towards the other ex-
tremity. In this poﬁfion, the compound magnet
muft be {lid from end to end of the faid bar, viz.
when the poles H are arrived at C, move the com-
pound magnet backwards the other way, till the
poles F come t0 A, &¢, Thus ftreke the lying
bar four times, ending at the middle ; from whence
take up the compound magnet, and remove it to
the middle of the other lying bar BD, taking care,
as above, to let the fouth poles be towards the
marked end of the bar ; rub thisin the like mannér;
then turn the bars AC, BD, with the fides that
tood towards the table, upwards, and repeat the
gperation on thofe other fides. This being done,
NN 4 take
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take up the two bars AC, BD, and let them form
the inner two of the compound magnet ; and place
thofe which were before the two outfide ones, be-
tween the pieces of iron or conduétors, and rub
them with the compound magnet formed out
of the other four bars, in the fame manner as
before. This operation muft be repeated till each
of the fix bars has been rubbed four or five times,
by which means they will acquire a confiderable
degree of magnetic power.
 “When the fmall bars have heen thus rendered
magnetic, in order to communicate the magnetifm
to the Iﬂrgé bars, lay two of them upon'the table,
between their two conduttors, or pieces of iron, in
the fame manner, and with the fame precauticns, as
were uled for the finall bays; then form a.com-
pound rmgnet wirh the fix fmall bars, placing three
of them with the north polas downwards, and the
three others with their fouth polas downwards.
Place thofe two parcels at an angle, as was done
with four of them, the north extremity of one par-
cel being put contiguous to the fouth extremity of
the other ; and with this compound magnet, firoke
four of the large bars, one after the other, about 20
times on each fide, by which means they will ac.
quire fome magnetic power,
' When the four large bars have been fo far ren-
der red magnetig, the fimall bars are laid afide, and
the ]JI'D'C ones are ﬂrennthmed by themfelves, in the
fame Manner as was done wnh the fmall bars.

¥ With
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With fome fort of fteel,.a few ftrokes are {uffi-
cient to impart to them all the power they are ca-
pable of retaining ; other forts require a longer
operation 3 and fometimes it is impoffible to give
tiem more than a juft fenfible degree of mag-
netifm,

In orderto expedite the operation, the bars ought
to be fixed in a groove, or between brafs pins;
otherwife the atrraétion and frition between the
bars will be continually deranging them, when
placed between the conductors.

A fet of fuch bars are exceedingly ufeful for
magnetizing other bars, or needles of compafits,
&c. their power may alln be increafed when loft
¢r impaired by mifimanagement, &c. A fetof fuck
bars, viz. fix bars and the two iron conductors, may
be preferved in a 'box; taking care to place the
north pole of one contiguons to the fouth pole of
the next, and that contiguous to the norch pole of
the third, &c. as fthewn in fig. 7, Plate XXV #,

After what has been faid above, I need not de-
fcribe how a knife, or any piece of fteel, &c. may
be rendered magnetic, or in what manner a weak
magnet may be rendered more powerful. But it
may perhaps be neceffary to fay fomething concern-
ing the communication of magnetifm to crooked

pars like ABC, fig. 8, Plate XXV.

* For other methods of magnetizing, fec my Treatile
on Magnetifm,

Place
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Place the crooked bar flat upon a table, and tg
its extremities apply the magnetic bar DF, EG3;
jﬂining their extremities IF, G, with the conduftor
or piece of foft iron FG ¢ then to its middle apply
the magnetic bars placed at an angle, as in Mr,
Canton’s method, or you may ufe two bars only,
placed as fhewn in fig. §, and froke the cmol{éd
bar with them from end o end, following “the di-
fection of chat bent bar; {o that on cne fide of it
the magnetic bars may ftand in the dire&tion of the
dotted reprefentation L. K. In this manner, when
" the piece of fteel ABC has been rubbed a {ufficient
number of times on one fide, it muft be turned with
the other fide upwards, &c.

In this procefs (as well as has been directed in
Mr. Canten’s) the magnets DF, E G, as alfo the
magnets H, T, muft be placed fo that their fouth
poles be towards that estremity of the crooked
fteel, which is required to be made the north pole,
- &e.,
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THEORY OF MAGNETISM.

F N the prefent chapter we fhall briefly take notice,

ift, Of the principal phenomena of the earth’s
magnetifm ; and 2dly, Of the fuppofed magnetic
fluid.

That the earth aéts as a great magnet is {o clear-
ly indicated by a variety of fats and confiderations,
that at prefent it is hardly poflible to doubt of it.
In the firft place the directive property of the mag-
netic needle on the furface of the earth is fo analo-
gous to that of a {mall needle upon the furface of a
commen magnet or terrella, as to ftrike every ob-
ferver ; 2dly, The magnetifm which iron acquires
by its pofition, is another ftriking indication of the
garth’s magnetifm ; and 3dly, The valt mafies of
iron, in various ftates, which are to be found almoft
every where in the bowels of the earth, and which
are frequently magnetic, prove beyend a doube that
the earth is g vaft but irregular magnet, and that its
magnetifm arifes from the magnetifim of all the fer-
ruginots bodies that are contained in it ; o that the

' magnetic
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magnetic poles of the earth muft be confidered as
the centres or collected powers of all thofe mag-
netic ferruginous fubftances, It follows likewife
that according as thofc mafles of iron are affected
by heat. and cold, by decompofition, by mixture
with other fubftances, by volcanos, by earthquakes,
or mechanigal derangements, &c. fo the magnetic
poles of the earth muft fhift their fituation ; and
this is the caufe of the variation of the magnetic
needle *,

" The above-mentioned caufes are fufficient to ac-
count for the daily, or hourly, or yearly variations,
though it is nat and perhaps it will never be in our
power to determine what part of the effec is due to
each of thofe caufes, or what is the precife refult
of the whole. It is therefore needlefs to fuppofe,
according to fome philofophers, that a large move-
able magnet is contained within the earth, or to ad,
mit other hypothefes fLill lefs probable.

The great defideratum in magnetics, is to know
the canfe, which, in a magnet, of whatever fort it
be, produces the attraction, repulfion, &ec, it being
wonderful to obferve that, by the mere contadt, or
even by being brought within a certain diftance of
a magnet, a piece of fteel, &c. ;-;-c‘quires {everal re-
markable properties, which it afterwards retains

» See the late Dr. Lorimer’s attempt to explain the caufe
of the variation of the Magnetic Nezdle in my Tre.g e on
Magnetifm, 3d Edition ; alfo page 254
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with great obftinacy, and that without having its
weight, fhape, colour, or hardnefs, altered in and
fenflible degree. ,

Human ingenuity has contrived abundance of .
hypocheles in explanation of thofe phenomena ; but
the infufficiency of moft of them renders it ufclefs to
ftite them in this work, excepting however one
which was propofed by Mr. Aepinus, and which
is fimilar to the Franklinian Theory of Eleltri-
city *.

The attentive reader mult undoubtedly have re-
marked feveral ftrong points of analogy between
magnetifm and’ eletricity ; fuch as the analogy.
between the two poles of a magnet and the two
eletricities ; the attraftion which takes place be-
tween magnetic poles of different denominations
analegous to the attraction between bodies differ-,
ently eletrified, &c. Now Mr. Aepinus is led to
imagire, that there exifls a fluid produ@ive of all
the magnetic phenomena, and confequently to be
called the magnetic fluid; that this fluid is fo very
fubtile as to penetrate the pores of all bodies ; and
that it is of an elaftic nature, viz. that its particles
are repulfive of each other.

He farther fuppoles, that there is a mutual at-
traftion berween the magnetic Auid and iron, or

* Acpini Tentamen Theoriz Eleétricis et Magnetifmi,

ehap. L fect, 111,
other
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other ferrvginous bedies ; but that no other {ub-
ftance has any action upon this fAuid. e then ob-
ferves, that there is a great deal of refemblance
between ferruginous bodies and ele@rics, or non-
conductors of electricity; for the magnetic fluid pafies
withdifficulty chrough the poresof the former,as well
as the ele€iric fluid patfes wich difficuley through the
pores ‘of the latter. However, there is not a
body which has any aftion on the magnetic fluid,
and 15, at the fame time, analogous to non-
electrics s for inftance, there is not a body which
arcracts the magnetic fluid, and which is, at the
fame time, permeable by that fAuid. 1n iron, in-
deed, 2 kind of gradation of this fort feems to
exift; for the {ofter the iron is, the mare frecly
does the magnetic fluid pervade its pores, and vice
ver/a.

According to this hypothefis, iron, and all fer-
ruginous fubftances, contain a quantity ofina.gnc:ic
fluid, which is' equably difperfed through their fub-
ftance, when thole bodies are not magnetic ; in
which flate they fhew no attra@ion or repulfion,
becaufe the fepulfion between the particles of the
magnetic fuid is balanced by the atira&ion be=
tween the matter of thofe bodies and the faid fuid,
in which cafe thofe bodies are faid to be in a na-
tural ftate.  But when in a ferruginous body, the
quantity of magnetic fuid belonging to it, is driven

s J
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to one cnd, then the body becomes magnetic, one
extremity of it being now overcharged with mag-
netic Juid, and the other extremity undercharged.
Bodies thus conftituted; viz. réndered magnetic,
exert 2 repulfion berween thieir overcharged extre-
mities, in virtue of the repullion between the par-
ticles of that excefs of magnetic fluid, which is

1ore than fufficient to balance, or to faturate, the
attraction of their matter. There is an atralion
exerted between the overcharged extremity of one
magpetic bedy, and the undercharged extremity of
the other, on account of the attraction between the
magnetic fluid and the matter of the body ; but, to
explain the repulion which takes place between
their undercharged extremities,; we muft either
imagine that the paricles of ferruginous bodies,
when deprived of the magnetic fluid, muft be re-
pulfive of each other, or that the undercharged ex-
tremities appear to repel each other, only becaule
either of them: attracts the oppofite overcharged ex-
tremity ; both which. fuppofitions are embarraffed
with difficulties.

A ferruginous body, according to this hypothefis,
4s rendered magnetic by having the equable diffu-
fion of the magnetic fluid difturbed throughout its
fubftance ; {0 as to have an overplus of it in one oF
more parts, and adeficiency of it in one or more other
parts: and it remains magnetic as long as jts im+
permeability prevents the reftoration of the equable

‘ ‘ diffufion
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diffufion of fluid, or of the balance between the
overcharged and the Undercharged parts. More-
over, the piece of iron is rendered magnetic by
the attion of a magnet, betaufe, when the over-
charged part of pole of the magnet is prefented
to it, the ovetplis of magnetic: fluid in that pole
repels the wagnetic fuid away from the nearelt
extremity of the iron, (whicli tiierefore becomes un-
dc-rchurgcd‘) to a more rechote part of the iron which
becomes overcharged. If the iron be magnetized
by the contact of the undercharged fide of the mag-
ner, then the matter of the latter attracts the mag-
netic fluid of the iron to that extremity of the iron
which lies neateft to itfelf.

In a fimilar manner you miay explain the altion
Oft\vo magnc':s upon Cﬂch other. ‘ :

I fhall conclude this chapter by obferving, that
the magnét has not been found to have any aétios
whatever upon the human body, and of courfe thé
idle ftories of its being beneficial to perfons afflicted
with the tooth-ach; or with white {wellings, or td
parturient women ; 2s allo of the wounds 1afliéted
with a magnetized knife being mortzl, mote than if
the knife had not been magnetic; have not the leaft
foundation in truth or experience; - The bare-faced
impofition which has for feveral yeats been practifed
tnder the name of animal magnetifiny is another ab-
furdicy.

In the Reichfanzeigers a German periodical pub-
fication; N° CCXXIL for 1797, it is faidy that a
' certain
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certain perfon having an artificial magnet fufpend-
ed from the wall 6f his ftudy, with a piece of-iron
adhering to it, rematked, for feveral years, that the
flies in the room, though they frequently placed

themfelves an other iron articles, never fettled upon
the artificial magnet.

vOL. [1l. oo
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THE CONSTRUCTION AND THE USE OF THE PRIN:
CIPAL MAGNETICAL INSTRUMENTS, AS ALSO
THE DESCRIPTION OF EXPERIMENTS USEFUL
¥OR THE ILLUSTRATION OF THE SUBJECT.

N HE magnetical inftruments may be reduc-
ed to three principal heads; viz. 1ft, the
magnets or magnetic bars, whichi are neceffary to
magnetize needles of compafies, or fiich pieces of
fteel, iron, &ec. as may be neceflary for diverfe
experiments ; and which have already been fuffi-
ciently explained in the préceding pages; 2dly,
th¢ compafles, fuch as are ufed i navigation,
and for other purpafes, which are only magnetic
needles nimbly fulpended in boxes; and which,
according to the purpofes for which they are par-
ticularly employed, have feveral appendages, or
differ in fize, and in accuracy'of divifions, &c.
whence they derive the different names of pocket
compafles, flecring compailes, variation compafies,
and azimuth compafles; and 3dly; the dipping
needle *,

# A curious contrivance, which is at once a dipping ahd

a variation needle; was fome years ago made by the late Dr.
Lorimer. See a defctiption of it in the Phil, Tranf, vol. 655
or in my Treatife on Magnetifin,

The
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The magnetic needles, which are commonly ufed
at fea, are between four and fix inches long; but
thofewhich are ufed for obferving thé daily variation;
are made a little longer, and their extremities point
the variation upon an arch or circle properly di-
vided and affixed to the box *. ¥

The beft fhape of a magnetic needle is reprefent-
¢d in fig. g and 10, Plate XXV.; the firft of which
fhews the upper fide, and the fecond fhews a lateral
view of the needle, which is of fteel, having a pretty
large hole in the middle, to which a conieal piece of
agate is adapted by means of a brafs piece O, into
which the agate cap (as is called) is faftened. Then
the apex of this hollow cap refts upon the point of a
pin I, which is fixed in the centre of the box, and
upon which the needle, being properly balanced,
turns very nimbly +. For commen purpofes, thofe
needles have a conical petforation made in the fteel
itfelf, or in a piece of brafs which is faftened in the
middle of the needle .

« See the defcription of my new variation compals in my
Treatife on Magnetifm, the 2d or 3d edition.

+ It muft be obferved, that the needle which is balanced
before it is magnetized, will lofe its balance, by being mag-
netized on account of the dipping, as fhewn in the third
chapter 3 therefore a fmall weight or moveable piece of brafs
is placed on one fide of the needle, as thewn in fig. 10, by ’
the fhifting of which, either nearer to or farther from the
centre, the needle may always be balanced.

1 The fimpleft magnetic needles are made of common
fewing necdles magnetized, and laid to fivim upon water.

002 A mariner’s
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A mariner’s compafs, er compﬂfb generaﬁv
wied on. board of thips, is reprefented in Platé
XXV, fige 11. The box, which contains the
card or fly with the necdle, is made of a circular
form, and eithér of wood, or Brafs, or copper, It
15 fufpended within a fquare wooden box, by means
of two cencentric circles, called gimbaids, fo fixed
by crofs axes a4, 4, 4, a, 1O the two boxes, (fee the
plan, fig. 12, Plate XXV.) that the inner one,
or ¢compafs box, fhall retain an horizontal pofition
in all motions of the thip, whiltt the outer or {quare
box is fixed with refpect to the thip. The compals
box is covered with a pane of glafs, in order that
the motion of the card may not be difturbed by the
wind. What is called the card, is a circular piece
of paper, which is faftened upon the needle, and
moves with it, Sometimes there is a flender riny
of brafs; which is faltened to the extremities of the
needle, and ferves to keep the card ftretched, The
outer edge of this card is divided into 360 equal
parts or degrees, and within the circle of thofe di-
vifions it is again divided into 32 equal parts, or
arcs, which are called the points of the compafi, or
7huinbs, each of which is oftenfubdivided into quar-
ters. ‘The imual letiers N, N E, &c. are annexed
to thafe rhumbs, to denete the North; North Eaft,
&ec. The middlemoft part of the card is generally
painted with a fort of ftar, whofe rays terminate in
the above-mentioned divifions. To avoid confufion
of1 thofe letters, &c. are not drawn in the figure.
The azimuth complﬁ. is nothing more than the
aboye-

Confiruction and Ufe of the
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above-mentioned compafs, to which two fights are
adapted, through which the fun is to be feen,‘ in
order to fnd its azimuth, and from thence to afcer-
tain the declination of the magnetic needle at the
place of obfervation ; fee fig, 13, Plate XXV. The
particulars in which it differs from the ufual com-
pafs, are the fights ¥, G; in one of which, G, there
is an oblong aperture with a perpendicular thread or
wire ftretched through its middle ; and in the other
fight F, there is a narrow perpendicular flit. ~The
thread or wire I11 is (tretched from one edge of the
box to the oppofite. The ring AB of the gimbalds
refts with its pivots on the femicircle CD, the foot
E of which turns in a {ocket, fo that whillt the box
KLM is kept fteady, the compafs may be turned
round, in order to place the fights F, G, in the di-
reétion of the {fun*.

There are, on the infide of the box, two lines
drawn perpendicularly along the fides of the box,
juft from the points where the thread H1 toaches
the edge of the box. Thefe lines ferve to thew
how many degrees the north or fouth pole of the
needle is diftznt from the azimuth of the fun; for
which purpofe, the middle of the apertures of the
fights F, G, the thread HI, and the faid lines,

* The pivots of the gimbalds of this, as well as of the
common fort of compafles, {hould lie in the fame plane with
the point of fufpenfion of the needle, in order to ayoid as
much as poflible the irregularity of the vibrations.

T muft
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muft be exally in the fame vertical plane. The
ufe of the thread HI, which is often omitted in in-
ftruments of this fort, is likewife to fhew the de-
grees between the magnetic meridian and the azi-

“muth, when the eye of the obferver ftands perpen-

dicularly over it. On the fide of the box of this
fort of compafles, there generally is a nut or ftop,
which, when puthed in, bears agzinfi the card and
flops it, in order that the divifiens of the card
which coincide with the lines in the box, may be
more commeodioufly read off %,

The dipping needle, though of late much im-
proved, is however fill far from perfection. The
general mode of conftruting it is to pafs an axis
quite through the needle, to let the extremities of
this axis, like thofe of the beam of a balance, reft
upon its fupports, fo that the needle maykmovc
itfelf vertically round, and when fituated in the
magnetic meridian, it may place itfelf in the mag-
netic line. The degrees of inclination are fthewn
upon a.divided circle, in the centre of which-ihé
needle 1s fufpended. Fig. 14, Plate XXV, repre-
fents a dippipg needle of the fimpleft conftruction ;
A B is the needle, the axis of which FE refts upon
the middle of two lateral bars CD, € D, which are
made faft to the frame that contains the divided

* What the azimuth of a celeftial object is, and how it
may ke aflcertained, will be fhewn in the next volume of this
work,

. circlg
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circle AIBK. This machine is fixed on a ftand
G ; but, when ufed at fea, it is {ufpended by a ring
‘H, fo as to hanz perpendicularly. When the in-
ftrument is furnifhed with a ftand, a fpiric level O is
generally annexed to it, and the ftand has three
fcrews, by which the inftrument is fitnated fo that
the centre of motion of the needle, and the divifion
of go° on the lower part of the divided circle, may
be exaétly in the fame line, perpendiculaf to the
horizon. .
The greateft imperfeftions of this inftrument is
the balancing of the needle, and the difficulty of
afzertaining whether the needle retains its equipoife.
In making the obfervation of the dip at any parti-
cular place, the beft method to avoid the error ari-
fing from the want of balance, is, firlt to obferve
the dip of the needle, then to reverfe its mag-
netifin, by the application of magnetic bars, fo that
the end of the needle, which before was elevated
above the horizon, may now be below it; and
jaftly, to obferve its dip again; for a mean of the
two obfervations will be pretty near the truth,
though the needle may not be perfectly balanced.
The few experiments which follow, are princi-
pally intended to illuftrate the theory. As for en-
tertaining magnetical experiments, the ingenious
reader may eafily derive them from the general {fub-
ject which has been already explained.
1. The method of difcovering whether a body 1s
attratible by the magnet or 0o, and whether it has
any
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any polarity or not, or which is its fouth, and which
its morth pole, is {0 eafily performed as not to re-
quire many words ; for by approaching a magnet
to the body in queftion (which, if neceflary, may be
fetreo {wim upon water), or by prelenting the body
in queftion to ejther extremity of a fufpended mag-
netic needle, the defired obje®t may be obtained.

2. Tie two pieces of foft iron wire, AB, A B,
fig. 1§ and 16, Plate X XV, each to a feparate thread,
AC, AC, which join at top, and forming them
110 2 loop, {ulpend them fo as to hang freely. Then
bring the marked end D, which is the north, of a
magnetic-bar, jult under them, and the wires will
immediately repel each other, as fhewn in fig. 16 ;
and thig divergency will increale to a certain limit,
accerding as the magnet is brought ncarer, and wice
verfa. T he reafon of this phenomenon is that by the
ation of the north magaetic poleD, both the extre-
mities B, B, of the wires, acquire the fame, viz. the
{outh polarity ; confequently they repel cach other ;
and the extremitics A, A, acquire the north pola-
rity, in confequence of which they aifo repel each
other.

If infread of the north pole D, you prefent the
fouth, pole of the magnetic bar, the repulfion will
take place as before ; bur now the extremities B, B,
acquire the north, and the extremities A, A, acquire
“-the {outh, polarity.

On removing the magnet, the wires, if of foft
iron, wiil foon collapfe, having loft all their magnetic

pow €r;
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power; but if fteel wires, or common {fewing needles
be ufed, they will continite to repel each other after
the removal of the magnet; the magnetic power be-
ing retained by fleel.

3- Lay a fheet of paper flat upon a table, ftrew
fome iron filings upon the paper, place a finall mag-
net among them; then give a few géntle knocks to
the table, fo as to fhake the filings, and you will find
that they difpofe themf{€lves about the magner NS,
as fhewn in fig. 17, Plate XXV. the particles of
iron clinging to one another, and forming themfelves
into lines, which at the very poles N, §; are in the
famme direftion with the axis of the magnet; a little
fideway of the poles they begin to bend, and then
they form complete arches, reaching from fome
point in the northern half of the magnet, to fome
other point in the fouthern half.- The reafon of
this phenomenon is not, as fome perfons imagine,
that a current of fluid iflues frém ene pole and en-
ters at the other pole of the magnet; for if that
were the cafe, the iron filings would be all driven
upon one of the poles. -But the true reafon is, that
each of the particles of iron is become a&ually
_magnetic, and poflefled of the two poles, in confe-
¢quence of which each particle, at the place where it
happens to ftand, difpefes itfelf in the fame manner
as any other magnet would do; and moreover at-
tracts with its extremities the contrary poles of ather
particles,

4. Take a ftrong magnet, and find out by trial

y % fuch
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fuch a piece of iron as is very little heavier than what
the magnet will fuppore. It is plain, that ifyou affix
this iron to one pole of the magnet; the moment you
remove your hand the iron will drop off; but if;
before you remove your hand, you prefent another
larger piece of iron to the under part of the former;
and at about half an inch from it, you will then find
that the magnet will be able to fupport the firft piece
of iron which it could not fupport before, when the
fecondary piece of iron ftood notbelow it. In fhort,
a magnet can lift a greater weight of ron from over
another- piece of iron, fuch as.an anvil or the like;
than from a table; the reafon of which is, that in
the former cafe, the iron bafis or’ inferior piece of
iron, becoming itelf in fome meafure magnetic,
helps to increafe the magnetiim of the firft piece of
iron, ‘and’ conlequently tends to increafe the at-
traction,

5. Place a magnetic bar A B, ﬁg. 18, Plate XX V.
fo that one of its poles may project a fhort way be-
yond the table, and apply an iron weight C to it;
then take another magnetic bar, D E; like the
former, and bring it parallel to and julk over the
other, at a little diftance, and with the contrary poles
towards each other ; in confequience of which the at-
traétion of B will be diminifthed, and the iron C, if
{ufficiently heavy, will drop off, the magnet AB be-
ing then 6r11_y able to fupport a finaller piece of iron.
By bringing the magnets {ll nearer to each other,
the atcraction of B will be diminithed ftill farther;
and,
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and, whea the two magnets come quite into contact,
(provided they are equal in power) the attraction be-
tween B and C will vanifh entirely ; but if the ex=
periment be repeated with this difference, viz. that
the homologous poles of the magnets be brought
towards each othet, then the attrattion between
B and C, inftead of being diminithed; will be in=
creafed.

6. Let an iron wire of about 2 quaréer of an inch
in diamieter, and 4 or § inches long, be bent fome-
what like a Gothic arch, viz. with a tharp corner in
the middle, as ABC, fig. 19, Plate XXV, and tie
it faft to any proper ftand, or let an affiftant hold it,
with the corner downwards; then apply either pole
of the magnet DE to one of its extremiries A, and
whilft the magnet remains in that fituation, apply a
piece of iron H, of no great fize; to the corner C,
and you will find that the iron remains fufpended,
Now, if another magnet be applied to the other ex-
tremity B of the crocked iren, fo that the pole G
imay be contrary, to the pole E, the iron H will im«
mediately drop off; but if the pole G be analogous
to the pole E, viz. be both {outh or both north, then
the iron H not only will remaia adhering to C, but
the faid corner will be capable of fupporting a
weight ftill greater than H. The reafon of which
is, that in the former cafe the extremities A and B,
of the bent iron, being poffefied of different polari-
ties, the corner € became the magnetic centre,
where there is no attraction nor repuliion ; whereas

in
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in the fecond cafe, both extremitics of the bent irod
being pofiefied of the fame polarity, the corner C
acquired the contraty polarity. In this latter cafe
the crooked iron mufk have two magnetic centres,
viz. one on each fide.

7. In order. to imitate in fome meafure, natural
magnets, take marial =thiops, or, which is more
eafily procured, reduce into very fine powder the
icales of iron which fall off from the red-hot iron
when 'hammered in black{miths dhops: mix this
powder with drying linfeed oil, fo as to form it into
a very fiff pafte, and thape it in a"proper mould,
into the form of a terrella or human head, &c.
This done, place it'in a warm place during fome
weeks, by which means it will become very hard ;
then render it magnetic by the application of pow-
erful magrets,  and 1t will acquire a confiderable
Jermanent power,

-

THE END OF VOLUME THE THIRD,
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